Journal of 


CHRONIC DISEASES 


NOVEMBER, 1955 


Original Communications 


HERITABLE DISORDERS OF CONNECTIVE TISSUE 


I. THe CLINICAL BEHAVIOR OF HEREDITARY SYNDROMES 


Victor A. McKusick, M.D. 
BALTIMORE, MD. 


From the Department of Medicine, The Johns Hopkins University School of Medicine and The 
Johns Hopkins Hospital 


(Received for publication July 10, 1955.) 


INTRODUCTION 


ECAUSE of the light they shed on normal mechanisms, many of the in- 

herited ailments of man have importance far out of proportion to their 
numerical significance. Such is the case, at least potentially, with the he- 
reditary disorders of connective tissue, the subject of these studies. This 
consideration, together with the increasing recognition of internal medical 
ramifications of these diseases, prompted this survey. 

To be discussed are generalized hereditary disorders of connective tissue. 
Many local hereditary malformations and anomalies can be construed as heritable 
disorders of connective tissue. These will not be discussed, but rather attention 
will be concentrated on those heritable diseases which represent abnormality 
of a single element or biochemical mechanism of connective tissue wherever it 
is found throughout the body. These include the Marfan syndrome, the Ehlers- 


Based on work supported in part by a grant from the Daland Fund of the American Philosophical 
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Danlos syndrome, osteogenesis imperfecta, the Hurler syndrome, and pseudo- 
xanthoma elasticum. On the basis of the information available, the nature of 
certain conditions—Paget’s disease of bone, the Brailsford-Morquio syndrome, 
the Werner syndrome, calcinosis universalis, achondroplasia (chondrodystrophia 
fetalis), fibrositis (myositis) ossificans progressiva, familial systemic amyloidosis, 
and others—as possible generalized heritable disorders of connective tissue can 
only be speculated. 

Heritable disorders of connective tissue will be discussed in the following 
order and under the following headings*: 


I. The Clinical Behavior of Hereditary Syndromes. 
II. The Biology of Normal Connective Tissue. 
III. The Marfan Syndrome. 
IV. The Ehlers-Danlos Syndrome. 
V. Osteogenesis Imperfecta. 
VI. Pseudoxanthoma Elasticum. 
VII. The Hurler Syndrome. 
VIII. Concluding Comments. 


In Table I is presented the connective tissue areas in which clinically evident 
abnormalities occur in five of these syndromes. The underscored items indicate 
the predominant manifestations in the case of each. Overlap of manifestations 
is particularly noteworthy. 

Certain features of the behavior of the hereditary syndromes discussed here 
are common to entities involving other tissues which share enzymatic mecha- 
nisms. The hereditary syndromes of connective tissue serve particularly well in 
demonstrating these features. 

As stated above, the several disorders which will be discussed later are 
generalized abnormalities of connective tissue, although predominant presenting 
manifestations are likely to bring individual cases to the attention of specialists 
such as dermatologists, ophthalmologists, and orthopedists. Many students 
of hereditary disease syndromes were in the past preoccupied with germ layers. 
They were content if all components of a syndrome could be related to a single 
germ layer and were much perplexed when certain manifestations deviated from 
the single germ layer hypothesis. When it is appreciated that the abnormality 
involves one element of connective tissue wherever it is found, no perplexity is 
occasioned by the occurrence, for example, of ocular involvement in Marfan’s 
syndrome, the other manifestations of which are clearly mesodermal in origin. 

Some of the abnormalities resulting from these connective tissue disorders 
are not congenital malformations in the usual sense but have the nature of 
abiotrophies, the term suggested by Gowers! for neurologic disorders in which 
a tissue is capable of function for only a limited time because of an innate con- 
stitutional weakness. For instance, in pseudoxanthoma elasticum the charac- 
teristic skin changes are rarely discernible before the latter part of the second 

*This series will appear in several successive issues of this Journar. Since the articles are to be 


published in book form following completion of the series, reprints of individual articles will not be 
available.——Eprror. 
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decade. Furthermore, wear and tear determine predominant localization of 
the skin lesions in the areas of flexion, of exposure to weather, of irritation by 
garments, and so on. 

The complex clinical syndromes resulting from these disorders of connective 
tissue are in each instance the result of a single mutant gene, the action of which 
has wide repercussions because of its control of some basic biochemical process. 
The alternative possibility is that of gene linkage, 1.e., that the major individual 
manifestations of a given syndrome are determined by separate genes located 
in close proximity on the same chromosome. The arguments for a single gene 
basis of these complex syndromes are as follows: 


1. It is unlikely, although possible, that several genes would undergo 
mutation simultaneously to reproduce these syndromes again and again with 


such exactitude. 


2. ‘‘Crossing-over’’ tends to separate linked characteristics so that in the 
course of a few generations there is no longer any particular association in a 
given individual. It is true that for closely neighboring genes the rate of ‘‘cross- 
ing-over’’ is so low that the relatively few human generations available to study 
may, in any one kinship, be inadequate to demonstrate separation of the com- 
ponents of a given syndrome. However, in the population at large, the situation 
is as stated by Snyder’: 

The occurrence of genetic linkage between the genes for two traits does not change the 

association for these traits in the population from what it would be if they were not 


linked. Stated conversely, a correlation between two traits in a free-breeding popu- 
lation does not indicate genetic linkage between the genes for these traits. 


3. The most telling argument for a single-gene mechanism lies in the 
possibility of relating all manifestations of these multifaceted syndromes to a 
single fundamental defect. For example, in osteogenesis imperfecta, the mani- 
festations in the skin, sclera, and bone can be related to a single defect, which may 
concern the maturation of collagen.’ If it is possible to construct a convincing 
“pedigree of causes’’ relating all clinical manifestations of the syndrome to the 
basic defect in a descendant fashion, additional strong evidence for the single 
gene basis of the syndrome has been provided. Gruneberg‘ has constructed 
such a ‘‘pedigree of causes’’ for certain complex single gene syndromes of the 
mouse. 


4. In both the mouse and the fruit fly there occur syndromes which have 
as diverse components as any which occur in man and which by more rigorous 
genetic tests than are possible in man appear to result from a single gene.® 

“Pleiotropic’’ is the term customarily applied to these single genes which 
are responsible for complex syndromes. The implication is that one gene has 
several actions. It is likely that in fact the gene has but one action and that 
the apparent multiplicity of its effects is merely the result of the involvement 
in several processes of the single biochemical step which is controlled by the 
gene in question. In the strict sense, then, it may be that no gene is truly 
pleiotropic. 
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One occasionally hears statements such as, ‘“That is one of these congenital- 
familial affairs with which anything can occur.’’ It should not be necessary 
to emphasize the direct corollary of the single gene proposition: the clinical 
picture in each of these syndromes is as clear-cut and specific (with, of course, 
the clinical variability discussed below) as the clinical picture produced by a 
pathogenic microorganism. In many respects, hereditary disease differs from 
infectious disease only in that the etiologic agent is a mutant gene operating 
from within rather than a bacterium invading from without. The virologists 
have rather long been aware of the basic analogies between their field and that 
of the geneticist. It is true that in the present state of our ignorance, it is 
impossible, in the case of some syndromes, to relate all components to a unitary 
biochemical anomaly. For example, in the syndrome of polyposis of the small 
intestine and melanin spots of the buccal mucosa, lips, and digits,’ there is no 
obvious common denominator. Even in such a situation, however, the other 
arguments listed above make a single gene mechanism likely. 

Wide variability in the clinical severity of the manifestations of these syn- 
dromes is the rule. This variability is demonstrated particularly dramatically 
by the syndrome of osteogenesis imperfecta (see later). By the geneticist the 
clinician’s ‘“‘degree of severity’ is referred to as ‘‘expressivity.’’ Penetrance, 
on the other hand, is an all-or-none affair. There will be fundamentally affected 
individuals in whom the manifestations are so mild that they do not deviate 
sufficiently from certain ones of the normal group to permit recognition as ab- 
normal. These cases, the cases of incomplete penetrance, of forme fruste, 
correspond to the subclinical cases of infectious diseases. The familiar bell- 
shaped Gaussian curve probably accurately describes the distribution of cases 
as to severity (expressivity) (Fig. 1). The three vertical lines of the diagram 
indicate threshold of penetrance. These lines cross the distribution curve on 
the side constituted by cases of lesser grades of severity. At this end also the 
curve is overlapped by the normal distribution curve. The majority of recog- 
nizable cases are of intermediate severity; there are some very severe cases and 
some very mild ones. Those affected individuals in the zone of overlap have 
mild manifestations which, because of their occurrence as ‘“‘normal variations”’ 
in a small proportion of the normal population, cannot be recognized as ab- 
normal when the individual is studied. For the student of the individual, then, 
the threshold of penetrance is at the point of overlap of the two curves. A 
certain number of additional cases can be recognized by the student of the total 
genetic and clinical picture, by one who investigates the entire family in detail. 
(There are risks, of course, that some unaffected individuals will be incorrectly 
classified as affected.) It seems probable that when the basic defect in each of 
these syndromes is known and when a specific method for demonstrating the 
defect becomes available, all cases of each syndrome will be identifiable. At 
this point the threshold of penetrance will be moved back to the limit; and 
penetrance, an artificial concept at the best, will no longer have significance for 
these syndromes. 

This wide variability in clinical expression is one basis for the phenomenon 
of ‘“‘skipped generations”’ in these syndromes. 
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The variability in severity of manifestations is both interfamilial and intra- 
familial. Interfamilial variability is greater, as a rule, than intrafamilial vari- 
ability. Assuming that the basic biochemical defect is the same in all instances 
of a given syndrome, then the basis of variability must be sought in the rest of 
the genetic make-up of the individual. By and large the factors responsible for 
this variability are obscure. Occasionally, however, the influence of the genetic 
milieu on the expression of the mutant gene can be appreciated. For example, 
the characteristic skeletal changes of Marfan’s syndrome tend to be partially 
submerged when the mutation occurs in pyknic stock; contrariwise, the skeletal 
changes may be particularly striking when the syndrome occurs in normally 


asthenic (dolichomorphic) stock. 
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Fig. 1.—The interrelationship of penetrance and expressivity in hereditary syndromes. (See text.) 


(Inspired by Dr. H. Bentley Glass.) 


The important influence of the genetic milieu is demonstrated by the fact 
that less variability of expression occurs within a family than does between 
members of different families. Furthermore, identical twins, identical in respect 
to their entire gene constitution as well as the mutant gene, usually show onset 
of symptoms at the same age and show manifestations of the same type and 
clinical severity. 

The analogy between genetic and infectious disease has pertinence also in 
connection with the clinical variability of hereditary syndromes. As in in- 
fectious disease, host factors and host-parasite relationships are of great im- 
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portance, the ‘‘parasite’’ in the case of genetic disease being the mutant gene, 
and the host factors mainly the genetic milieu in which mutant gene is operating. 

It is a generalization with genetic disorders that wider variability occurs 
with ‘‘dominant”’ disorders than with ‘‘recessive’’ ones. The suggestion has 
been made’ that natural selection tends to choose those genotypes in combi- 
nation with which the deleterious mutant gene has less devastating effects. The 
result may be that in time the injurious effects become suppressed in the heter- 
ozygote and expressed only in the homozygote. When an hereditary disease 
has progressed to this stage in its biologic evolution, the disease trait will then 
display the genetic behavior termed ‘‘recessive.”’ 

The four disorders other than Hurler’s syndrome which will be reviewed 
in detail display a dominant pattern of inheritance. Two features frequently 
displayed by recessive disease traits are not evident in these four syndromes: 
(1) arelatively high incidence of consanguinity in the group of parents of affected 
individuals; and (2) the occurrence of multiple cases in one sibsh!p without 
involvement of other near relatives (a feature which often led recessive traits 
to be referred to as ‘‘familial’’). Experience with other syndromes such as 
retinitis pigmentosa and Friedreich’s ataxia® indicate that although the funda- 
mental defect appears to be identical in the several instances (i.e., the ‘‘pheno- 
type’’ is identical) the mode of inheritance may be ‘‘dominant”’ in one pedigree, 
‘recessive’ in another. This and the theoretically unstable, evolutionary state 
of dominance makes it necessary to scrutinize each pedigree individually. 

Although the overwhelming majority of the pedigrees of Marfan’s syndrome 
demonstrate a pattern consistent with a dominant mode of inheritance, in rare 
instances (see later) the inheritance may be recessive. It should not be neces- 
sary to point out that whether a disease is transmitted as a dominant or a reces- 
sive has no predictable bearing on the incidence of the disease trait in the popu- 
lation. 

All cases of these syndromes either inherit the abnormality or fall victim 
thereto as a result of mutation of a gene regulating the normal biochemical 
counterpart of the basic defect. (Although the aberration of a normal gene or, 
as in the case of certain of the “inborn errors of metabolism,’’ the loss of the 
active component of the gene is probably what occurs in mutation, it is now 
clear that in many instances mutation is a matter of position change; no alter- 
ation in the gene has occurred except one involving its position on the chromosome 
relative to its fellow genes.) All cases of these diseases have, of course, arisen 
by mutation in the more or less remote past. ‘‘Sporadic’’ is the designation 
employed clinically for those cases which occur as the result of de novo mutation 
during parental gametogenesis. The incidence of sporadic cases is inversely 
related to the care with which the families are studied. Because of the consider- 
ations diagrammatically indicated in Fig. 1, the incidence of sporadic (i.e., de 
novo) cases is always likely to be set abnormally high. All but one case ina 
family may be too mild to be identified positively as affected. 

The term ‘‘heritable’’ was selected for the title of this review (rather than 
“inherited” or ‘‘hereditary’’) to express the fact that in a given individual the 
disease, although capable of being transmitted to the offspring, may not have 
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been inherited, but rather have arisen by mutation. Since even in the latter 
instance, the abnormality occurs first in the germinal product of one or the other 
parent, it becomes a philosophical question whether the affected individual 
should be said to have inherited the trait or to have become affected at his earliest 
conception. 

The factors responsible for the original mutation in these disorders are un- 
known. 

The terms ‘‘genotype’’ and ‘‘phenotype”’ are used, respectively, to refer to 
the genetic constitution of the individual and to his physical, or somatic, make- 
up. ‘‘Phenocopies’’——clinical syndromes, of either genetic or acquired origin, 
which at least superficially resemble the particular hereditary syndrome under 
investigation—may confuse clinical and genetic studies. For example, the 
fetal infection accompanying maternal rubella may so influence development 
that loose-jointedness, arachnodactyly, and ocular and cardiovascular anomalies 

a picture superficially resembling Marfan’s disease—result. Careful study of 
the precise type of eve or vascular involvement is necessary to exclude Marfan’s 
syndrome in such instances. In many individual instances, the four syndromes 
which are the main topic of this review phenocopy each other, as is evident from 
Table I and as will be amplified below. 

It is desirable to avoid eponyms wherever possible and it is preferable to 
employ designations which indicate as precisely as possible the fundamental 
nature of the disease entity under consideration. In the present state of our 
knowledge, however, there are good reasons to use eponyms for many syn- 
dromes: (1) Eponyms do not prejudice the search for the fundamental ab- 
normality in each case. They do not conceal our ignorance of the basic defect. 
(2) By not using one feature of each complex syndrome as the designation, 
the eponym does not convey the impression that the presence of said feature 
is a sine qua non for the diagnosis, or that said feature occurs exclusively as 
a component of the particular syndrome. ‘‘Arachnodactyly” is a poor term 
for the Marfan disease because the fingers of many of the victims are no more 
spidery than those of many normal persons. Cutis hyperelastica and cutis 
laxa are poor terms for the Ehlers-Danlos syndrome since skin abnormalities 
may be relatively unimpressive in persons withstriking joint hypermobility. 
The pity is not that eponyms are employed in these diseases but rather that 
there are no phonetically satisfactory or widely accepted eponyms to use in 
connection with disorders such as osteogenesis imperfecta and pseudoxanthoma 
elasticum, in which the defect is much broader in its localization than merely 
bone or skin, respectively. 

Many individual manifestations occur in more than one of these syndromes 
resulting from defective connective tissue. For example: loose-jointedness 
with flat feet, pseudoclubfoot, habitual dislocation of joints, etc., may be a 
striking feature of the Marfan disease, the Ehlers-Danlos syndrome, and osteo- 
genesis imperfecta. Hypotonicity and underdevelopment of skeletal musculature 
occur in the Marfan syndrome, osteogenesis imperfecta, and the Ehlers-Danlos 
syndrome. Impressively blue sclerae occur with Marfan’s disease and, on the 
other hand, arachnodactyly occurs with osteogenesis imperfecta. Dissection 
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of the aorta and ectopia lentis occur primarily in the Marfan syndrome but also 


occasionally in the Ehlers-Danlos syndrome. Because of this overlap as to 


individual components it is desirable, in the absence of a specifically descriptive 
title, to refer to these diseases by eponyms or by some relatively noncommittal 
name, rather than by a single manifestation which may be neither specific for 


the syndrome nor an invariable feature. 
In summary, it may be pointed out that, as is dramatically illustrated by 


these hereditary disorders of connective tissue, one gene may have many effects. 


But, countrariwise, many different genes may individually or in combination 
produce a particular abnormal trait. The resulting complexities of clinico- 
genetic analysis are apparent. 
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ONNECTIVE tissues, the supporting structures of the body, include 

cartilage, ligaments, tendons, fascia, joint capsules, the subepidermal 
portions (corium) of the skin, important elements of the heart valves and aorta 
and smaller blood vessels, and finally bone. In general, connective tissue con- 
sists of cellular and fibrous constituents embedded in the so-called ground sub- 
stance. Reference is made to textbooks of histology (e.g., Fig. 45 of ref. 21) 
for graphic presentation of the structural interrelationships of these elements. 


THE CELLULAR ELEMENTS 


Virtually all the other endogenous elements of connective tissue are elabo- 
rated by the fibroblast, the main cellular constituent of connective tissue, or by 
its congeners, such as the osteoblast and the chondroblast. Other cellular 
elements include the mast cell and wandering cells such as macrophages. (The 
mast cell, which has long been implicated in the formation of heparin, has 
been thought to be concerned also in the formation of hyaluronic acid.%) Very 
recently some information has accumulated about the enzymatic processes 
involved in the formation of acid mucopolysaccharides.2° In general, however, 
details of the biochemical processes by which the fibroblast manufactures the 
other elements of connective tissue are obscure. 


THE FIBROUS CONSTITUENTS 


The fibrous constituents of connective tissue comprise two main groups: 
collagenous and elastic. The reticulin fiber would be classified by some as a 
separate category (see below) but most consider it a member of the collagen 
group although its precise relationship to the classical collagen fiber is moot. 


Based on work supported in part by a grant from the Daland Fund of the American Philosophical 
Society. 

*The author must acknowledge much assistance in the preparation of this brief survey from the 
reviews and symposia indicated in the list of references and from the lecturing staff of the Course in 
Biophysical and Biochemical Cytology conducted by Prof. F. O. Schmitt, Dr. Jerome Gross, and col- 
leagues at the Massachusetts Institute of Technology, June 12-24, 1955. 
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Collagen must be defined in terms of its properties. It is a fibrous protein 
occurring in wide, straight, unbranching white bundles which possess high tensile 
strength and low elasticity. It has characteristic 640 A periodicity by small 
angle x-ray diffraction and by electron microscopy. It contains two unique 
amino acids, hydroxyproline and hydroxylysine. The former is in relatively 
large amounts and is used in quantitative determination of collagen.” It 
contains large amounts of glycine. Aromatic and sulfur amino acids are present 
only in low concentration. 

The biologic importance of collagen in the individual organism and in the 
phylogenetic series is tremendous. Collagen represents approximately 30 per 
cent of the total protein of the human body. In the vertebrate animal it is what 
cellulose is to plants. As the matrix of bone®*>.** it was referred to as ‘‘ossein”’ 
in the older literature. Even the vitreous humor of the eye contains fibers with 
the properties of collagen, the so-called ‘‘vitrosin’’ of Gross.* That it is not 
limited to vertebrates is indicated (as merely one example) by the fact that 
collagen is the skeleton of the invertebrate sponge familiar in household and 
other usage. 

The economic importance of collagen dates back to prehistory when the 
manufacture of leather® and glue was first undertaken. Isinglass, now almost 
completely replaced by synthetic substitutes, was also collagenous in origin. 
It was in leather manufacture that one property of collagen, thermal shrinkage 
(at 60° to 65° C.) was discovered and used in judging adequacy of tannage. 

The importance of collagen in pathology will be evident to a medical audience 
since the concept of ‘‘collagen vascular diseases’ has seemingly gained such 
wide acceptance. Further medical implications appear to be represented by 
certain of the hereditary disorders of connective tissue, under discussion here. 

These implications—biologic, economic, and medical—have been responsi- 
ble for very extensive investigations of the nature of collagen! ?:7."."" by scientists 
of diverse interests and perspectives. The result has been, in the past at least, 
a situation like the elephant which was examined by the six blind men. Re- 
cently several excellent symposia have effected a synthesis of the diverse bits 
of information. 

Neither the ultrastructure of collagen nor the mode of its formation,"™ ‘° is 
established in full detail or beyond debate. A concept which perhaps is most 
consistent with the information available is as follows: The building blocks of 
collagen, the tropocollagen unit in the terminology of Gross, Highberger, and 
Schmitt, is elaborated by the cell, possibly intracellularly, and is extruded into 
the extracellular environment where ionic and other conditions favor its orderly 
linear aggregation into the collagen fibril. The tropocollagen unit is thought 
to have a length (and periodicity) of about 2,000 A, and the 640 A periodicity 
of the finished product is conceived by Schmitt and collaborators as the result 
of a staggering of the building blocks in their lining-up side to side. The dis- 
covery that it is possible to solubilize collagen and then reconstitute it from 
solution was responsible for much of this concept. Physicochemical studies 
indicate that the tropocollagen unit is a thin, rigid rod with a molecular weight 
of 300,000 to 310,000 by osmolarity and by light scattering, and with dimensions 


502 MCKUSICK November, 1988 


of about 14 A by 2,000 A. Although the larger collagen aggregates are very 
little extensible and in no way approach elastic fibers in this respect, electron 
optical observations of collagen fibrils‘ indicate that considerable extensibility 
of these smaller units is possible. Abnormality in the fibrillar organization may 
be important in the genesis of the abnormal extensibility of tendons, joint cap- 
sules, and ligaments, in certain of the heredity disorders of connective tissue. 

The carbohydrate content of collagen is low. What is present may be 
derived from ground substances playing the role of interfibrillary cement. In 
pure collagen, hydroxyproline is present as about 14 Gm. per 100 Gm. protein 
(8.6 Gm. per 100 Gm. amino nitrogen) and glycine in roughly twice as great a 
proportion. The polar side groups of collagen appear to be located at the areas 
of the bands displayed by x-ray diffraction and by electron microscopy. These 
are the reactive areas where stains and tanning agents operate. 

The relative metabolic inertia of nonsoluble collagen is a very striking 
feature.2 The turn-over rate is slightly higher in bone than in tendon, and in 
younger animals, but much lower than in proteins of cell and plasma. Soluble 
or extractable collagen,®* which according to the trinitarian breakdown of con- 
nective tissue elements followed here must be considered part of the ground 
substance, has a considerably higher rate of turnover.5 No collagenase compa- 
rable to that produced by Clostridia has been demonstrated in man with the 
exception of the extraction by Schmitt and Sizer?’ of material with the properties 
of collagenase from the cells around embedded collagenous sutures. 

Reticulin fibers have most of the same properties as collagen fibers, most 
important the 640 A periodicity. The main difference is their small diameters, 
stainability by silver, and a relatively high concentration of associated poly- 
saccharide. Reticulin fibers predominate in the embryo, and in the adult animal 
are relatively abundant in parenchymatous organs, in lymph nodes and spleen, 
around muscle bundles and fat globules, and in association with amorphous 
material in epithelial basement membranes. The differences from collagen 
fibers may be a matter of fiber size or diameter of the individual fibrils in a bundle. 
Given a collagen bundle and a reticulin bundle of the same over-all diameter, 
the reticulin bundle may stain with silver because it has a great many more 
component fibrils of small diameter and correspondingly greater total fibril 
surface area. Staining with silver is a surface phenomenon as demonstrated 
by Gross. Whether reticulin is precollagen or immature collagen (not to be 
confused with procollagen or soluble collagen) is perhaps not too important a 
consideration. The concept of Gross and others that it is not a progenitor of col- 
lagen is based on the fact that it is present in the adult organism seemingly without 
ever being transformed into collagen and that electron microscopic evidence for 
aggregation of reticulin fibers (of small diameter) into collagen fibers is lacking. 
Reticulin fibers are present in the adult organism, in the corium, for example, 
and are possibly present in as great absolute amounts as at any earlier stage in 
ontogeny. In the adult, however, the reticulin fibers are ‘‘swamped”’ by the 
preponderance of collagen fibers. 

Elastic fibers** are large branching refractile structures, light yellow or 
brown depending on their age; with a high degree of extensibility; indestructi- 
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bility in relation to heat, drastic pH changes, and enzymes; a low content of 
polar amino acids; and finally, certain distinctive tinctorial characteristics. 
The nature of their staining by orcein and related dyes is not at all well under- 
stood; the staining bears no relationship to pH and there is no other evidence 
that salt linkages are involved.° 

Whereas collagen is present in areas where a pliant but relatively non- 
extensible building material is necessary (ligaments, tendons, fascia, joint cap- 
sules), elastic fibers serve important functions in areas such as the media of the 
aorta (where they are responsible for the compression chamber, reservoir, or 
Windkessel hemodynamic function of that structure), in the elastic cartilage of 
the ear, and in ligaments with large elastic components such as those of the 
foot and the ligamenta flava of the spine. 

Chemically, elastic fibers have approximately the same concentration of 
nonpolar groups, such as glycine, as does collagen. However, there are virtually 
no polar amino acids such as hydroxyproline, glutamic, and arginine. The 
relative absence of reactive amino acid side-chains is probably responsible at 
least in part for the unique properties of elastin. 

Much less is known about the ultrastructure of the elastic fiber than of the 
collagen fiber. Gross has found that the double helical structures earlier de- 
scribed by him*® in electron photomicrographs of material derived from aorta 
were in fact not elastic fiber elements but trypsinogen® in the enzyme preparation 
used in removing nonelastic elements. One view" of the chemical constitution 


is that a pro-elastin core is embedded in a matrix of combined pro-elastin and 
elastomucin. There is produced in the pancreatic islet tissue an elastase"? for 
which there is an inhibitor produced elsewhere in pancreas. Elastic fibers are 
moderately susceptible to digestion by trypsin, resistant to digestion by pepsin; 
this is the converse of the situation with collagen. 


THE GROUND SUBSTANCE 


The ground substance is the extracellular, extrafibrillar, amorphous matrix 
of connective tissue. It has components derived from the fibroblast such as acid 
mucoprotein, acid mucopolysaccharide, and dispersed (soluble or pro-) collagen, 
and components not elaborated locally such as water, ions, small organic mole- 
cules such as glucose, cell metabolites, plasma proteins, and others. It is im- 
portant not to equate ground substance to acid mucoproteins and acid muco- 
polysaccharides, as has become a frequent practice, since on a quantitative 
basis, and possibly on a functional basis, some of the other constituents such as 
plasma proteins, soluble collagen, and neutral mucoproteins are more important. 
Another assumption which may be fallacious is that changes in serum muco- 
protein (which is neutral) reflect changes in acid mucopolysaccharide of the 
ground substance; chemically the two are quite distinct. 

Although numerous, presumedly distinct mucopolysaccharides of con- 
nective tissue have been identified, the principal ones appear to be hyaluronic 
acid, chondroitin sulfuric acid, and heparin. These have in common the fact 
that they are polymers of high molecular weight and are composed, among other 
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moieties, of hexosamines (glucosamine in the case of hyaluronic acid; galacto- 
samine in the case of chondroitin sulfate) and of glucuronic acid. Chondroitin 
sulfuric acid comprises 12 to 14 per cent of cartilage, but with this exception the 
mucopolysaccharides are present only in low concentration in connective tissues. 
Chondroitins B and C, differing slightly from chondroitin A of cartilage, have 
been identified. Chondroitin sulfate B, which apparently is characterized by 
an absence of glucuronic acid, occurs in heart valves, tendon, aorta, and skin.!® 
Metabolically mucopolysaccharides are rapidly turned over. Metachromatic 
staining of connective tissues, as by toluidine blue, is a function largely of muco- 
polysaccharides.* 37 In the mammalian organism hyaluronidase has been 
identified with certainty only in testis. 


TABLE I. CHARACTERISTICS OF COLLAGEN 


(A partial tabulation) 


CATEGORY BASED ON 
METHOD OF STUDY CHARACTERISTIC FEATURES 


Histologic properties™* | Tinctorial characteristics: 
| Acid fuchsin—bright red staining 
Periodic acid and Schiff’s reagent—faint red staining 
Silver methods—not well stained 
Dilute acids and alkalis—swelling 


Electron microscopic 
features 


640 A periodicity 


Chemical features | 14% hydroxyproline by weight. Hydroxylysine also unique amino 
acid. Low content of tyrosine, methionine, and _ histidine. 
Absence of cystine and tryptophane. 1% hexosamine (assc- 

ciated carbohydrate) 


Shrinkage characteristics | Temperature: 60°-65°C. (shrinkage to about 1/3 original length) 
Certain electrolyte solutions 


Attacked by pepsin 

Attacked by ‘‘collagenases’” of Clostridium histolyticum and Cl. 
welchii'> 

Resistant to trypsin, chymotrypsin, papain, hyaluronidase 


Isotope tracer studies of | | Relative metabolic inertia? 
metabolic turnover rate | 


X-ray crystallography Characteristic pattern(s)! 


| 
Immunologist | Lack of antigenicity of unaltered collagen,“ viz., use for suture 
| material 


The importance of the ground substance is evident when one considers that 
it must be traversed by all materials entering and leaving the cells. The 
concept’: that mucopolysaccharides function like a reactive gel of the ion- 
exchange resin group is an intriguing but as yet unproved concept. It is at 
least theoretically possible that changes in the concentration or state of poly- 
merization might modify greatly the capacity of connective tissues to bind 
inorganic ions and water. Hyaluronic acid, highly hygroscopic in the purified 
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state, may be concerned in water-binding by tissues. Chondroitin sulfate, 


because of its highly charged anionic groups, may function"! as a cation ex- 
change resin. 

Jackson™ has presented data which he interprets as indicating an important 
role of mucopolysaccharide in the organization and certain properties of colla- 
genous structures such as tendon. Trypsin will digest gelatin but not native 
collagen. The characteristic shrinkage temperature of native collagen is altered 
by treatment directed at the matrix. 


FURTHER CONSIDERATIONS 


In addition to these general features of connective tissue, which undoubtedly 
assists in the understanding of the heritable disorders to be discussed, there are 
some specific questions about the biology of connective tissue which come to 
mind with study of these diseases. For example, to mention only a few, in the 
Marfan syndrome: What does the suspensory ligament of the ocular lens have 
in common with the media of the aorta? What controls longitudinal growth of 
bone? In pseudoxanthoma elasticum: What is the nature of Briick’s mem- 
brane of the eye and what does it have in common with the corium? What is 
the basic nature of orceinophilic staining; specifically, if it is dystrophic collagen 
which stains in this disease, what change has occurred to result in this tinctorial 
simulation of elastin? In the Ehlers-Danlos syndrome: What is responsible 
for the tensile strength of the skin and for its elasticity? What determines the 
elastic properties of the collagen and elastin molecules, and of fibers of these 
proteins? In osteogenesis imperfecta: What is the normal organization of 
apatite on collagen which accounts for the important structural properties of 
bone, and, in this disease, what change in collagen has occurred to disrupt the 
normal collagen-apatite relationship? In connection with the full discussion of 
each of the entities, what is known in answer to these questions and others will 
be presented. Unfortunately, much remains to be learned in all these areas. 
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( NE of the most pressing problems in medicine is the management of the 

increasing numbers of patients with overt manifestations of cerebral dys- 
function associated with vascular disease. Numerous neurologic syndromes 
are the result of occlusion of diseased cerebral vessels with curtailment of blood 
supply below the minimum requirements of a nonsilent area of the brain.!. Not 
only does the central nervous system react acutely to reduction of its blood 


supply below critical levels, but impairment of function to a degree which might 
be trivial in other organs is commonly manifested in dramatic fashion in the 
case of the brain. It is difficult to say with certainty whether in the above 
instances the cerebral vessels are more severely involved by atherosclerosis than 
those of other organs or whether their involvement is not remarkable in degree 


but is simply more obvious. 

The precise nature of the relationship between diffuse cerebral athero- 
sclerosis and generalized cortical dysfunction is not clear. Studies of cerebral 
hemodynamics and metabolism in various age groups demonstrate a progressive 
reduction of cerebral blood flow and oxygen consumption with advancing years, 
even in the absence of obvious functional impairment.2 Other data indicate 
that within certain limits even further acute reduction of cerebral blood flow 
can be induced in elderly subjects without the appearance of untoward symp- 
toms.’ The reduced cerebral blood flow of many aged individuals may there- 
fore exist coincidentally with diminished cerebral oxygen consumption and 
impaired mental function due to reduced cellular activity of independent patho- 
genesis. 

At the present time there is no successful method for the prevention or 
reversal of cerebral atherosclerosis. The therapeutic and corrective measures 
employed in the management of patients with acute and chronic cerebral vascular 
disturbances include administration of vasodilating agents, cerebral stimulants 
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and depressants, and anticoagulants. Hypotensive agents are also frequently 
given to reduce the elevated blood pressure commonly present in patients with 
cerebral vascular disease. Finally, rehabilitative measures directed to correct, 
as far as possible, the physical disabilities resulting from occlusion of larger 
cerebral vessels are at present receiving much attention. This report is an 
attempt to evaluate critically the various therapeutic measures mentioned 


above. 
VASODILATING AGENTS 


Whenever the circulation to a portion of the brain becomes impaired by 
occlusion of a cerebral artery, several compensatory mechanisms may increase 
delivery of blood to the involved region. The duality of the cerebral circulation 
(carotid and vertebral arteries and their intercommunication) permits a re- 
distribution of blood flow which may possibly limit or prevent the development 
of cerebral infarction due to occlusion in or below the circle of Willis. Adams‘ 
has demonstrated the probable existence of collateral circulation via intra- 
cerebral capillaries and meningeal-cortical loops which may become significantly 
functional due in part to changed pressure differentials. Local hypoxia and 
the accumulation of metabolic intermediates resulting from cerebral ischemia 
may dilate regional collateral vessels and thus improve circulation of the in- 
volved area. The transient nature of many attacks of cerebral ischemia due 
to organic arterial occlusion possibly may result in part from activation of these 
mechanisms. 

The hope is generally entertained by the practicing physician that resto- 
ration of the cerebral circulation with vasodilating agents will improve cellular 
metabolism and cerebral function in patients with cerebral vascular insufficiency. 
Experience indicates, however, that most of the currently available vasodilating 
agents are without significant effect, perhaps because irreversible brain damage 
has resulted before the agent can be administered. Furthermore, most vaso- 
dilators studied (histamine,' nicotinic acid,* papaverine,’ procaine,* and alcohol,’) 
have nonspecific effects, and relaxation of cerebral vessels may occur simul- 
taneously with, or reflexively because of, a general reduction of mean arterial 
pressure with no resulting improvement in total cerebral blood flow. More- 
over, dilatation of the cerebral vessels, whether reflex or representing a direct 
response to a drug, may be confined to those vessels least affected by disease; 
and if hypotension is also induced, the net effect may be an even greater degree 
of ischemia of the areas of the brain supplied by rigid, narrowed vessels.’ 

An exception to the above to some extent may be carbon dioxide, which 
appears to be the most efficacious agent available for increasing quantitatively 
the rate of cerebral blood flow by reduction of cerebral vascular resistance." 
The inhalation of 5 per cent CO» causes, in addition, a moderate increase of the 
mean arterial blood pressure. Unfortunately, side-effects, such as hyperpnea 
and anxiety, prevent its continuous administration. The increase in rate of 
cerebral blood flow is not as marked in elderly atherosclerotic subjects as in 
younger persons but nevertheless is of significant magnitude.” It is possible, 
therefore, that even elderly patients suffering from acute cerebral thrombosis 
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may derive some benefit from the intermittent inhalation of 5 per cent CO, if 
instituted early enough. 

There has been much discussion concerning the value of stellate ganglion 
block in overcoming spasm of regional vessels believed to be associated with 
acute cerebral infarction.'® Forbes and Cobb'* have demonstrated that vaso- 
motor influences on tonus of cerebral vessels are relatively weak. The concept 
of neurogenic spasm of cerebral vessels secondary to infarction is debatable in 
view of the well-recognized fact that chemical changes (hypoxia, increased CO» 
tension, and the production of acid metabolic intermediates from glycolytic 
processes) operate to dilate cerebral capillaries and arterioles and exert a much 
greater influence than whatever neurogenic factors may tend to constrict these 
vessels. In our experience, the incidence of improvement following stellate 
ganglion block in patients with acute cerebral thrombosis has not been sig- 
nificantly different from that of spontaneous remission in a similar group of 
untreated patients.!® Similar observations on a larger series of patients has 
recently been reported by Millikan.' 

As previously indicated, there is no clear relationship between the rate 
of cerebral blood flow and the cellular dysfunction so often noted in elderly per- 
sons presumably having cerebral atherosclerosis. Such subjects, although 
they may respond to 5 per cent CO, inhalation with a significant increase in 
cerebral blood flow, do not show in general any significant change in cerebral 
oxygen consumption nor has there been demonstrated any evidence of improve- 
ment in their mental status due to CO, inhalation.” This finding should not 
be entirely unexpected since the cerebral venous blood oxygen tension of elderly 
atherosclerotic subjects with overt manifestations of cerebral dysfunction is 
usually only slightly reduced from values noted in normal subjects and much 
more oxygen is available to cerebral cells than is utilized.‘7 In fact, actual 
experiment has demonstrated in elderly subjects with reduced cerebral oxygen 
consumption and cerebral blood flow that a further reduction of the latter pro- 
duced by acute hypotension is associated with a widening of the cerebral arterio- 
venous oxygen difference, and there is no significant change in cerebral meta- 
bolic rate.? In other words, the metabolism of cerebral cells may be irreversibly, 
or at least independently, impaired in such cases rather than merely suppressed 
by the reduced oxygen delivery, and simply increasing oxygen delivery by im- 
proving blood flow cannot be expected to correct the cellular metabolic defect. 


CEREBRAL STIMULANTS AND DEPRESSANTS 


Drugs falling into the above categories are frequently used in the sympto- 
matic management of subjects with generalized cerebral vascular insufficiency. 
It is unfortunate that so little is known regarding the mechanism of action of 
these drugs, and of the processes referred to as stimulation and depression. 
For the most part, the effects of these drugs can be evaluated only by clinical 
observations and psychologic tests, neither of which is completely reliable. 
The day-to-day spontaneous variations in the intensity of the manifestations 
make critical evaluation of drug therapy extremely difficult. 
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It is in those instances where malfunctioning of cerebral cells produces 
clinical manifestations commonly attributed to diffuse atherosclerosis that 
cerebral stimulants and depressants are often used. Such clinical disturbances 
cover a broad range of psychiatric and subjective neurologic symptomatology. 
Behavior may vary between agitation and apathy. Personality and intellectual 
deterioration are usually considered characteristic of the syndrome. Neuro- 
logic symptoms, such as dizziness and weakness, are usually nonlocalizing. 
Cerebral stimulants, such as Metrazol (pentylenetetrazol) and Meratran (pipra- 
drol hydrochloride), are administered in the belief that many of the cortical 
cells of senile individuals are functioning at suboptimal levels because of either 
a previous ischemic insult or even an unrelated metabolic defect. Whether it 
is possible to restore toward normal the energy production or utilization of 
metabolically deficient cerebral cells by the use of stimulants is open to question. 
There is no evidence to indicate that those cells functioning least effectively are 
at all influenced by cerebral stimulants; in fact, it is more reasonable to expect 
that the normal cells may be most reactive. Of course, nothing could be ac- 
complished if these ‘‘depressed’”’ cells were glial cells which had replaced neuronal 
elements. If the reduced energy production or utilization were due to enzy- 
matic deficiency of cerebral cells, the stimulant, to be effective in improving 
function, would have to act specifically on the ‘‘bottleneck’’ enzyme complex 
limiting energy production. Such enzyme-specific action might conceivably 
result in an increase of total cerebral oxygen consumption, certainly in the case 
of the senile brain, but this has not been demonstrated.'* It may be, however, 
that the functional activity of the brain requires so small a proportion of the 
total cerebral oxygen consumption that its specific requirements are not meas- 
urable by available techniques.'!? The increase in electrical activity of the 
brain of elderly subjects observed following the administration of stimulant 
drugs is not necessarily indicative of the production of useful energy by impaired 
cerebral cells. In general, there appears to be insufficient data to justify the 
use of these drugs for the management of patients with generalized cerebral 
dysfunction. 

Cerebral depressants (sedative drugs) are frequently employed to control 
insomnia, anxiety, confusion, or the agitation often manifested by patients 
with generalized cerebral dysfunction. Elderly atherosclerotic patients are 
notoriously subject to insomnia, nightmares, and even nocturnal confusion 
and disorientation. Since it is not likely that circulatory maladjustment can 
be so severe as to produce these symptoms by causing cerebral ischemia,?° it 
may be more reasonable to attribute them to partial wakefulness resulting from 
excessive dozing or even sleep during the day. The periodic nocturnal con- 
fusion and disorientation may be analogous to nightmares and indeed have been 
so described by such patients in their lucid intervals. Administration of barbitu- 
rates may be indicated for symptomatic therapy; unfortunately, these drugs, 
even in normal therapeutic amounts, occasionally precipitate confusion and 
disorientation. Although no satisfactory explanation for this phenomenon has 
been advanced, it may well be related to the reduced cerebral metabolic activity 
of these subjects, with slight further cortical depression caused by the drug 
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being sufficient to induce the equivalent of the excitement stage of anesthesia. 
In the presence of increasing mental disintegration in atherosclerotic patients, 
it may be wise to discontinue the administration of sedatives for several days 
before concluding that cerebral deterioration is progressing spontaneously. 
At present, chlorpromazine and reserpine are being widely used in the 
management and treatment of both the psychotic and psychoneurotic mani- 
festations of subjects with generalized cerebral vascular insufficiency. Favor- 
able responses have been reported, particularly in those patients with increased 
psychomotor activity. In moderate doses (0.3 to 0.8 mg. for reserpine; 25 to 
300 mg. for chlorpromazine), these drugs do not change the cerebral oxygen 
utilization significantly. Side effects, such as vascular collapse, jaundice, 
photosensitivity, agranulocytosis, lactation, and the development of a Parkin- 
sonism-like syndrome may complicate their prolonged administration. 


HYPOTENSIVE AGENTS 


It has been recommended that blood pressure be reduced in all hypertensive 
subjects except those with cerebral vascular disease.*!_ This reservation is based 
upon the belief that relative hypotension may constitute a serious hazard in 
such cases. Not only does the probability of resulting cerebral ischemia or 
thrombosis seem to be exaggerated by those insisting on this limitation, but 
such a criterion for administering or withholding hypotensive drugs appears 
somewhat illogical in view of the fact that extreme degrees of cerebral athero- 
sclerosis may produce no clinical signs. 

Hypertension is generally recognized as accelerating the development of 
vascular disease and its complications, and in hypertensives the peak incidence 
of cerebral thrombosis appears at a somewhat younger age than in normotensive 
persons. Cerebral hemorrhage in elderly subjects, a less common vascular 
accident than thrombosis, occurs almost exclusively with diastolic hypertension. 
It is reasonable to anticipate that by reduction of blood pressure in patients 
with overt manifestations of cerebral vascular disease, complications may be 
delayed or prevented, and it would seem worth while to accept the calculated 
risk of precipitating further thrombosis or ischemic infarction by reducing blood 
pressure in these subjects. However, the risk should be minimized by not 
attempting to reduce the elevated blood pressure to normotensive levels even 
though total cerebral blood flow might not be reduced by such efforts.” 

Pathologists have stressed the fact that cerebral vessels are not uniformly 
involved in atherosclerosis of the brain. Certain vessels ultimately derived 
from the same major channel may show marked degenerative changes, while 
others may appear to possess nearly unimpaired elasticity, and intermediate 
gradations may also be present. The compensatory cerebral vasodilatation 
associated with blood pressure reduction achieved by any means may well 
protect cerebral areas supplied by whatever vessels have retained their elasticity, 
while areas supplied by rigid or partly rigid vessels may be further compro- 
mised 73-25 

Although both clinical and laboratory evidence has shown that within the 
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limits of experience to date, significant blood pressure reduction can usually be 
gradually accomplished in elderly hypertensives without harmful effects, there 
can be no question that a critical point exists for each individual, below which 
hypotension will cause cerebral ischemia.* This point may be reached at a 
higher level of blood pressure in the atherosclerotic subject. Therefore, there 
may be more potential loss than gain by uncritical attempts to produce normo- 
tension in hypertensive atherosclerotic patients, and by the use of agents that 
may induce precipitous reductions of pressure. 

Before selecting from among the many hypotensive agents, it is important 
to consider their effects upon compensatory vascular mechanisms protecting 
the cerebral blood supply. One of the most important of these mechanisms 
is that which stabilizes the cerebral circulation in the presence of postural changes. 
In normal subjects, assumption of the upright posture is associated with (1) in- 
creased peripheral vasomotor tone which compensates in part for the hydrostatic 
reduction in intracranial pressure head, and (2) partial compensation 5: cere- 
bral vasodilatation.24 The response to postural changes may be unpredictable 
in hypertensive subjects. The majority of such individuals do react in the 
normal fashion; however, not infrequently in those with atherosclerosis there 
may be no change in peripheral vasomotor tone, and in a few, acute orthostatic 
hypotension may occur.’ 

Because cerebral vascular disease is likely not only to have produced a 
reduction of cerebral blood flow but also to be associated with impairment of 
postural reflex activity, it would seem particularly undesirable to administer 
those hypotensive agents which themselves may cause further interference with 
these compensatory mechanisms. 

Production of true hypotension for aiding hemostasis in certain types of 
surgery may be excessively dangerous in the presence of cerebral vascular dis- 
ease. Experience to date in reconstructive and neurosurgery has been largely 
confined to individuals in younger age groups who are relatively unlikely to have 
clinically significant degrees of cerebral atherosclerosis; the same may be said 
for cardiac surgery facilitated by hypothermia, induction of which is usually 
aided by “‘lytic’’ drugs which cause marked blood pressure reduction. Al- 
though generally favorable results have made hypotensive and refrigeration anes- 
thesia acceptable, we know of no studies comparing incidence of complications 
(particularly with reference to cerebral thrombosis) in young and in elderly 
subjects. It would certainly seem, however, that acute hypotensive procedures 
are always to be avoided, when possible, in patients known or reasonably ex- 
pected to have cerebral atherosclerosis. Cerebral infarction is too high a price 
to pay for a bloodless field. 

A questionable exception to the general inadvisability of rapid blood pres- 
sure reduction in the presence of cerebral vascular disorders may exist in the case 
of spontaneous cerebral hemorrhage with marked hypertension. There seems 
to be no ground for basing an opinion as to the relative importance of aggravat- 
ing by blood pressure reduction the existing impairment of cerebral circulation 
secondary to greatly increased intracranial pressure, or of improving this situ- 
ation by retarding active bleeding. Theoretically some means of reducing 
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intracranial pressure should be applied simultaneously with blood pressure 
reduction, but how much to reduce either or both is not known. 


ANTICOAGULANTS 


The lack of enthusiasm for the use of anticoagulants in cerebral vascular 
disturbances is principally due to the dangers of hemorrhage, particularly if 
the diagnosis is erroneous. 

The pioneer work of Wright?’ has demonstrated, however, the value of 
anticoagulants in some of the above disturbances. In patients with rheumatic 
heart disease and myocardial infarction, Wright observed a striking reduction 
in the incidence of cerebral emboli during anticoagulant therapy. He is of the 
opinion that anticoagulants may prove useful in cerebral thrombosis in that 
they may prevent the propagation of the original thrombus and the develop- 
ment of additional thrombi in other vessels and may encourage the more rapid 
dissolution of the original thrombus. Millikan has also noted favorable re- 
sponses to anticoagulant therapy in patients with paroxysmal attacks of cerebral 
dysfunction resulting from partial insufficiency of the basal or carotid arteries.*® 

In patients with cerebral thrombosis, there are insufficient data to justify 
any conclusions regarding the efficacy of anticoagulants. In such patients, 
in addition to the danger of hemorrhage, deterrents to the use of anticoagulants 
have also been the uncertain prognosis, the frequent coexistence of hypertension, 
the need for perhaps lifetime administration, as well as the high cost of pro- 
longed laboratory and clinical supervision. In view of the fact that the majority 
of patients with clinical evidence of cerebral vascular disease have cerebral 
thrombosis, well-controlled studies with anticoagulants are indicated, particu- 
larly in relatively young subjects. The problem of co-existing hypertension, 
as previously mentioned, may be satisfactorily managed by the cautious re- 
duction of blood pressure with hypotensive agents. 


There appears to be little justification for the use of anticoagulants in 
patients with cerebral dysfunction associated with diffuse cerebral vascular 
disease. Even if it were granted that cortical dysfunction were due to diffuse 
cerebral vascular disease, anticoagulants would be of little avail if numerous 
infarcts were caused by intimal arterial thickening or atheromatous placques 
rather than blood coagulae. In any event, improvement in cortical function 
could not be expected from anticoagulant therapy, but at best only arrest of 


deterioration. 
REHABILITATION 


Of all the therapeutic modalities now available, rehabilitation offers most 
to the patient with cerebral vascular disturbances. It is not our intention to 
discuss the techniques of various rehabilitative procedures but rather a modern 
concept of rehabilitation and the deficiencies in execution of most plans. 

Unfortunately most rehabilitation programs are incomplete or are so ex- 
pensive that they are beyond the means of the majority of patients. To a con- 
siderable extent, the incompleteness is due to a lack of interest in the total care 
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of the disabled patient, and lack of optimism concerning his future. Many 
physicians, interested chiefly in organ pathology, give little consideration to the 
total problem of the individual incapacitated by cerebral vascular disease. 
There is still competition to avoid supervisory control of this type of patient. 
Even at large teaching centers, from which may stem the success or failure of 
future rehabilitation programs, the concept of total patient care may be treated 
perfunctorily or ignored completely. 

A practical remedy is the education of physicians in the great need for and 
value of complete rehabilitation programs. One of the more satisfactory so- 
lutions to the necessarily high cost of rehabilitation might be specifically designed 
rehabilitation insurance plans offered on a voluntary basis, making available 
complete facilities rather than monetary compensation. 

The high cost of complete rehabilitation, although fully justified if even 
a few patients obtain physical benefit, make it highly desirable to be able to 
select from the many patients with cerebral vascular disease those with the 
best rehabilitative capacity. At present we can assess their capabilities only 
by working with these people and trying to develop their remaining resources. 
Certainly, it is generally recognized that age alone is no criterion of the indi- 
vidual’s potentialities; neither does the degree of physical disability immediately 
resulting from his vascular disease always have isolated prognostic value. A 
large number of subjects with cerebral thrombosis have been studied to de- 
termine the degree of correlation between the rate of cerebral blood flow and 
metabolism and their subsequently evaluated rehabilitative potentialities.” 
No significant correlation was found to exist; subjects with relatively low cere- 
bral blood flow and metabolism frequently made better progress than those 
with more normal values. This result might have been anticipated since such 
measurements reveal only total cerebral blood flow and metabolic rates and do 
not reflect localized changes in the brain. Perhaps it is fortunate that there 
are no objective measurements which will permit functional prognosis since the 
psychotherapeutic value of even those endeavors failing to produce satisfactory 
physical improvement may in many instances be sufficient to compensate for 
the efforts expended. 

There are several factors other than physical capabilities which make up 
the patient’s rehabilitation potentialities. Without question, the most im- 
portant determinant in achieving maximum rehabilitation is the degree of the 
patient’s motivation and the ability of the staff to activate and maintain optimism 
at a high level. This is probably one of the foremost reasons for initiating 
rehabilitative measures as soon after a cerebral vascular accident as possible 
since the longer such encouragement is neglected, the more difficult it is to stimu- 
late these patients to improve their condition. The problem of motivation is 
particularly difficult with members of the indigent population since they are 
often reluctant to give up the attention they receive in the hospital and the 
security from the welfare source. In many instances their families, having 
been temporarily relieved of the onus of continued care, are hesitant to assume 
again this responsibility, thus contributing greatly to an apathetic attitude on 
the part of the patient. 
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As with any other form of therapy, the sooner rehabilitative measures are 
initiated, the more rapid and complete is the degree of physical improvement. 
That organic and mental deterioration rapidly result from neglect and restricted 
activity is well documented.*® Even healthy young adults who are immobilized 
show within a very short period of time a negative nitrogen balance and muscle 
atrophy, a negative calcium balance and osteoporosis, poor vascular tone, and 
marked changes in behavior. One might expect that similar and even more 
devastating deterioration would result from the enforced immobilization of 
elderly subjects with cerebral vascular disease. 

Proper evaluation of the patient’s problems cannot be made by individual 
consultation but only by group deliberation. Regardless of the number of 
specialists available, unless they work together as a team the patient is unlikely 
to achieve his maximum degree of rehabilitation. Only too frequently the 
internist concerns himself with medical complications accompanying cerebral 
vascular disease, and not until he is ready to discharge the patient does he re- 
member to call in the physiatrist. Once the patient has been referred, the 
physician in charge frequently abandons continued interest. Many times the 
physical and occupational therapists are not aware of the patient’s problems 
and of the therapeutic objectives. Neurologists for the most part are not, or 
may not wish to be, consulted, and frequently no one bothers to make inquiries 
about the patient's social and financial status. Yet it is generally agreed that 
if only one important aspect of total patient care is neglected, no matter how 
conscientiously and vigorously the rest are pursued, rehabilitative efforts may 
fail unnecessarily. 

The responsibility for directing and coordinating the rehabilitation program 
should rest with the physiatrist. The patient should be seen regularly by the 
internist, neurologist, psychologist, nurse, and social worker, and his problems 
jointly discussed and the therapeutic program outlined. The internist should 
survey the general condition of the patient and correct, in so far as possible, 
existing medical disturbances. He must familiarize the team with any compli- 
cations and with the patient’s therapeutic regimen. Too often these patients 
may be given sedatives by one physician just before maximum alertness would 
be desirable for consultation by another, or receive recumbency doses of hypo- 
tensive agents that cause orthostatic collapse when ambulation is attempted. 
Even the problem of weight reduction is often completely neglected. The 
neurologist should be consulted for a definitive diagnosis and to follow the 
progress of the lesion. It no longer suffices to state that the patient has had a 
“cerebral vascular accident,’’ or even ‘‘cerebral thrombosis.’’ It is important 
to designate the specific vessel involved and the neurologic disturbances present. 
Certainly the problems of rehabilitating a patient with middle cerebral artery 
thrombosis are quite different from those encountered with thrombosis of the 
posterior inferior cerebellar artery. The psychologist should evaluate the 
patient’s mental capabilities and any changes in attitude so that vocational 
rehabilitation can be geared to his potentialities. The nurse, an important 
member of the team, must be aware of the therapeutic objectives and encourage 
the patient to continue the activities he has been taught in the rehabilitation 
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area. Because it is often much easier and faster for the nurse to wait on the 
patient than to encourage him to be self-sufficient, acquisition of facility and 
self-confidence may be retarded. The physiatrist should call other specialists, 
if their services are required. After the plan of treatment is decided upon, 
meetings should be held regularly by all those participating in order to discuss 
progress and future management. 

Hospital stay, because of expense and the importance of returning the 
patient to his own environment as soon as possible, should not be unnecessarily 
prolonged. Before discharge, however, all arrangements for continued and 
complete care should be made. These requirements are directed to a large 
extent by the social and financial status of the patient. Failure of adequate 
cooperation by responsible social agencies may neutralize all prior accomplish- 
ments. This is most likely to occur in the case of middle-income patients for 
whom such agencies have been inadequately developed. This deficiency may 
well result in large numbers of taxpayers regressing into the completely indigent 
category; only then do they become eligible for organized welfare programs. 


Families should be instructed whenever possible to participate in the thera- 
peutic program, and provisions for home medical and nursing care made when- 
ever feasible. Clinic visits should be regularly scheduled if the patient is ambu- 
latory, and vocational training and diversional therapy continued. Optimum 
results are obtained when the patient is followed by the same rehabilitation team 
that initiated his hospital program. 


For some time it has been generally recognized that in order efficiently to 
manage patients with neoplastic diseases, it was necessary to establish tumor 
boards. Such boards consist of various specialists who, in conference rather 
than in consultation, discuss the evidence necessary for an accurate diagnosis; 
select, outline, and direct the optimum therapeutic regimen; and periodically 
review the patient’s progress. In view of the enormously greater numbers cf 
individuals with chronic physical disability, in large proportion due to cerebral 
vascular disease, it would seem equally important to establish well-organized 
rehabilitation boards in institutions responsible for the initial or continuing care 


of such patients. 
SUMMARY AND CONCLUSIONS 


We have reviewed the therapeutic effectiveness of vasodilating agents, 
stimulants, anticoagulants, and hypotensive agents, as well as rehabilitative 
procedures, in patients with cerebral vascular disturbances. With the exception 
of carbon dioxide, vasodilators available at the present time do not increase 
total cerebral blood flow, and they cause relaxation of cerebral vessels only in 
association with a reduction of pressure. The rapid development of brain 
damage following ischemia makes it unlikely that therapy directed toward 
increasing cerebral blood flow would have any practical value in chronic cases. 


The effectiveness of cerebral stimulants in patients with cortical dysfunction 
and generalized cerebral vascular disease is questionable from both physiologic 


and clinical evidence currently available. 
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The presence of overt manifestations of cerebral vascular disease (throm- 
bosis) does not militate against the use of hypotensive agents. Blood pressure 
should, however, be gradually reduced and maintained somewhat above normal 


values. 

Anticoagulants are effective in reducing significantly the incidence of cere- 
bral emboli in patients with rheumatic heart disease and myocardial infarction 
as well as recurrent attacks from threatened occlusion of basilar and carotid 
arteries. Experience with these drugs in patients with cerebral thrombosis 
is limited. There is little justification for their use in patients with psychosis 
and cerebral arteriosclerosis. 

Although rehabilitative procedures at present seem to be the most valuable 
of all therapies available to patients with cerebral vascular disease, most existing 
programs are incomplete or are very costly. There is a great need for the es- 
tablishment of rehabilitation boards in hospitals. 
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INTRODUCTION 


ERTAIN transition metals alter the ability of rat liver to incorporate 

acetate tagged with C,, into cholesterol and fatty acid molecules both 
in vivo and in vitro.! Moreover, ethylenediamine tetracetate (EDTA) and 
another chelating agent, 8-hydroxyquinoline, change the rates of this pair of 
syntheses.2, EDTA produces loss of subcutaneous fat in rats’ and prevents 
hepatic cholesterolosis in rabbits fed cholesterol.4. In addition, EDTA lowers 
I 


)lood pressure in experimental renal hypertension’; however, the vasoactivity 
of EDTA following its combination with transition and related elements depends 
on the strength of the metallic bond involved.’ Hydralazine (1-hydrazino- 
phthalazine), which also has a strong affinity for certain transition metals,° 
lowers plasma cholesterol in human beings.* Moreover, hydralazine is one of 
several chemically dissimilar antihypertensive compounds, including thio- 
‘yanate,’ nitroprusside,® azide,’ and mercaptans,!?" which bind metallic ions. 
Some of these compounds affect certain renal enzyme systems, as do some of 
the metals with which they combine.” In view of these effects, a trial of EDTA 
was given to patients with atherosclerosis and/or hypertension in an attempt 
to lower plasma cholesterol and/or blood pressure. Preliminary short-term 
results, primarily following parenteral administration, are reported below. The 
fall in cholesterol is compared with that observed following the oral use of hy- 
dralazine over a longer interval. 


METHOD 


A total of 145 patients is considered in this paper. They are divided into 
three mutually exclusive groups on the basis of the medication used and its route 
of administration. The first group received parenteral EDTA, the second, oral 
EDTA, and the third, oral hydralazine. 

The 22 patients who received from 3 to 27 Gm. of intravenous calcium di- 
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sodium EDTA* in Barnes Hospital are discussed in some detail. Their daily 
intake varied from 1 to 12 Gm. and the total period of administration from one 
to eleven days. Each dose of EDTA was dissolved in 500 ml. of aqueous 5 per 
cent glucose solution and was injected over a one- to three-hour interval. Seven 
of the patients were women and 2 were Negro. Their average age was 44 years, 
with a range of 25 to 72 years. Six of them were normotensive, of whom 3 had 
symptomatic coronary atherosclerosis with anginal attacks, 2 had diabetes 
mellitus, and the last had nephrosis, clinically, and amyloidosis, pathologically, 
on the basis of a renal punch biopsy. The remaining 16 patients in the group 
were characterized by an average supine diastolic hypertension of at least 110 
mm. Hg on the basis of a minimum of ten readings in the hospital. Two were 
in the malignant phase of hypertension characterized by papilledema, exudative 
and hemorrhagic retinitis, albuminuria, less than 5 per cent excretion of intra- 
venously injected phenol red within fifteen minutes, and a mean diastolic pres- 
sure greater than 130 mm. Hg at rest. The rest had less severe hypertension 
with grade II optic fundi (Keith-Wagener), protein-free urine, and only moder- 
ately diminished renal function. No other significant diseases were noted 
Because of the heterogeneity of the group, individuals are consistently designatec 
by their disease and a distinguishing number. The nephrotic patient was unique 
in receiving more than one course of parenteral EDTA; his three courses are 
chronologically identified by a, 6, and c. Any drugs used within the perioc 
of observation before, during, and after EDTA administration are indicated 
in the first pair of tables where the effects of intravenous EDTA on plasma 
cholesterol and blood pressure are recorded.t In this exploratory study, all the 
desired laboratory information was not obtained; hence, only the tabulation of 
reactions to EDTA includes every patient; however, no available pertinent data 
were excluded. Rectal temperatures and supine blood pressures were measured 
five or six times a day by qualified nurses on all patients throughout their hospi- 
tal stay. In 15 patients, total fasting plasma cholesterol levels were determined 
by the Shoenheimer-Sperry method before and after EDTA. 


*No form of EDTA except the calcium disodium salt was given either orally or parenterally to any 
patient considered in this paper. The drug used was generously supplied by Riker Laboratories, Inc., 
Los Angeles, Calif. 

+The atherosclerotic and nephrotic patients were receiving no medication, and the diabetic patients 
were taking insulin. One-half of the 16 hypertensive patients had been treated with oral hydralazine 
and/or autonomic blocking agents for at least one year before EDTA was given. Six had received 
both drugs according to the regimen previously described," and one each had taken hexamethonium 
chloride and hydralazine alone. All except the last were asymptomatic and controlled with mean 
diastolic pressures of 100 mm. Hg or less. Their weekly dosages of drugs were relatively constant, 
varying by an average of 11 per cent. Of the remaining 8 hypertensive patients, 3 received no anti- 
hypertensive medication; the other 5, including the pair with malignant hypertension, began hydralazine 
and ganglionic-blocking agents at approximately the same time as EDTA. 

{Throughout the paper, cholesterol measurements refer to total fasting plasma cholesterol concen- 
trations; all were done in the same laboratory by the same method with the limits of normal lying be- 
tween 180 and 240 mg. per 100 ml. plasma. The control determinations prior to intravenous EDTA 
were made within twenty-four hours of the time a patient entered the hospital. In eight instances, a 
second determination was made after a week of hospitalization and before the addition of any drugs 
to the prehospital regimen; there were no changes as large as 20 mg. and the average change was an 
increase of 5 mg. per 100 ml. of plasma. None of the patients changed his diet during the time he 
received EDTA, and whatever medications he took or toxic reactions he had are indicated in Table I 
and in the text. The mean weight of the 12 patients without any symptomatic evidence of toxicity 
varied less than 1 pound during the course of parenteral EDTA, and no single individual weight changed 
more than 3 pounds. 


J. Chron. Dis. 
November, 1955 


DER 


4 


© 
a4 
s) 
N 
a 
Zz 
< 


2RRY £ 


PI 


‘Adeioy} oulzeyeipAy [eio Jo Adue40d OYAOJo4SO[OYO 9Y4 SeINSeOUI GOUBIEYIpP 9y} oJeyYM JoJUIMD PUOdeS 9} IOJ JdooXe JeOTJUEPI OI STBAV] [OIOISBIOYO Y.Ld W-e1d 
pue oulzejeipAy-old oy, ‘ueMWed o10I4doU JTMIe[OJe4se[OYIIedAY 9Y9 VpNyjOxXe 9x0} OYY ONTUN ‘g7ed IsIy Oy UT soSvioae eq ‘g1qe} 984} JO Jsol OY} YITM UOSTIed 
-mI00 J9990q JOY ‘9 ‘Q ‘D Aq Al[eoIZo;OuOIYO poeyeotpur sie sesinood vely) sty ‘V.LdW JO 9sinoo suo uey} oIOU SuTATeQ0I Ul ONbTUN SVM 10998] OTL, ‘VLA Sut 
-MOT[OJ SUIOJdIAS 91X09 PeY sjueed oO0IYdoeu oy} pur ‘aATsuoJIEdAY PuOodes oY} ‘OIVEQqeIpP PuOoves oY} ATUQ ‘sjo0fqns oneqerp jo cared 98} 1Oj UT[NsuUT pue ‘squoted 
SATSUdJIOdGAY YIXIS OY} YSNOIYI PUES OY} JOJ SJUGZE SuTyIO[q-oTWMIOUOINe OJOM UDHV} SSnIp Joyo ATUO OY ‘o8BIOAR ue ST U9ATS oinsy out pue poseosoul eseso 
ey} ‘WieYy} JOY ‘QuoeuITIedxe oy} ZulINp oulzeleipAY ueseq ¢ Ise] OY pu ‘IeeA G UY} GIOUI JOJ GSOP JeIO QUeYSUOD & uoye) ie pey ¢ puodses 9q4 umaieiie 
OU PpeATBD—l ¢ ISIY OYL—'S7UaIWY GI Ul aulzDjIvIpAH 1040 MOYUM PUD YUM VW LAY snouaavsjquy buinojjoy 1o1ajsajoyy vusvid sussea 1010, ul sabuDy De 


6LT | ZI uwotsuajsad Ap] 
O8T [J uotsuajsad AP] 
Lol | QO] uortsuazsad APY 
S07 6 UorsuazadAP{ 
(até | g uotsuayedAP{ 


Sel 671 uotsua}adA PY] 
Ic Let uotsuazadA PT 
L7l SLI | uoIsud}Jod AP] 
Tey t8T | uotsuayad APT 
Lcl 90Z uotsuazyadAPy 


srl FO 

6¢1 Z soqeqriq 
891 | Z uoisuazed Ap] 
ol [ uoisuazsadApy 
6rl j T soqeqeiq, 
OF | 2 stsoryda Nn 
(aa | e sisoryda Ny 


(SAva) U: (HO (% “on) | (% “ONW) (% “ON) (% on) 
ee ee een a | VLOA-1s0d (% ow) 1OUALSATOHD | TOAALSATIOHS ‘JOUALSATOHD | 
anton wr Sse | “Saee SERS VLGaA-ts0d | VYLdH-s0d | YLqa-a4ud ANIZVI 
4O ASanoo IVLOI ATIVE HONOUHL GNZ NAAM LS] TLVIGAWWI ate | aimed 
ALVIGAWHI | LINAILVd 


Gu AISOaaA NOILVOIGAUW WAT’ qe" 
IHW IWAM'T VLGH-auad STHAM'T 


| WOU ADNVHOD WOWIXVN TIONALSATOHO VNSVTId DONILSVA TWLOL 


«VLGH SQONFAVALNT OL ASNOdSAY TOMHLSHTOH?) ‘| ATAVI 


yee < EFFECT OF EDTA AND HYDRALAZINE ON PLASMA CHOLESTEROL 523 

The 10 patients who received 1 Gm. daily of oral EDTA are discussed 
briefly, with the sole objective of indicating the trend of any short-term changes 
in total plasma cholesterol levels. None of these patients was Negro. Four 
had benign hypertension as previously defined, four had angina pectoris, one 
had peripheral vascular disease, and one was convalescing from an occlusion of 
a coronary artery. None was receiving a special diet or drugs. An eleventh 
patient, who received only oral EDTA, is mentioned to demonstrate vaso- 
activity of the compound. No cholesterol data were obtained, but her peculiar 
blood pressure response is graphed. 

Only the cholesterol studies are reported here for the 112 hypertensive 
patients who received hexamethonium chloride in addition to an average of 0.51 
Gm. (range 0.2 to 1.2 Gm.) of oral hydralazine according to a previously de- 
scribed regimen.'® The hypotensive’: and toxic!s!* effects of these drugs have 
been treated elsewhere. The patients were taken consecutively, with the only 
omissions being those who had additional medication, special diets, reactions to 
therapy including nausea or significant weight loss, or obvious disease beyond 
hypertension and its renal, cardiac, and vascular complications. Total plasma 
cholesterol levels were measured before hydralazine was begun and after varying 
periods of continuous oral therapy.* 


RESULTS 


Cholesterol.—The individual changes in total fasting plasma cholesterol for 
15 patients before and after intravenous EDTA are recorded in Table I. Within 


a week of the last injection of EDTA, the mean fall was 75 mg. (55 mg. excluding 
the nephrotic man) per 100 ml. plasma for the 5 patients who received an average 
of 18 Gm. of EDTA without other metal binding agent, and 38 mg. for the 5 
who received an average of 14 Gm. of EDTA after long stabilization on a constant 
dose of hydralazine. The minimum cholesterol level was below 150 mg. for 8 
of the 10 patients, the two exceptions being the pair who developed muco- 
cutaneous lesions and other signs suggesting vitamin deficiency.!’ Figs. 1 and 2 
illustrate the relationship between the daily cholesterol values and the intra- 
venous administration of EDTA in the nephrotic and the second diabetic patient, 
respectively. The rebound phenomenon following the first course of EDTA 
in the former also occurred in the first diabetic subject. Hydralazine may have 
blocked it for the patients in the final two parts of the first table. 


Blood Pressure.—Excluding the nephrotic patient and 2 others begun on 
antihypertensive therapy during intravenous EDTA administration, as well as 


*Control pre-hydralazine cholesterol levels were all obtained in the hospital within twenty-four 
hours of admission, and were preceded by no unusual dietary events. In eighteen instances, individuals 
in the group had cholesterol determinations made in the outpatient clinics less than three months prior 
to the control measurement in the hospital. The mean change was a fall of 7 mg. with a standard 
deviation of 16 mg. per 100 ml. of plasma. In twenty-three instances, members of the group had a 
pair of cholesterol determinations made in the hospital, the first being within twenty-four hours of 
admission and the second from seven to ten days later but before hydralazine was begun. The mean 
change was an increase of 4 mg. with a standard deviation of 12 mg. per 100 ml. of plasma. For the 
dozen follow-up post-hydralazine determinations which were made during the first ten days of therapy, 
the patient was eating the regular hospital diet. Twenty-one of the other follow-up determinations 
were similar to the control values in that they were within twenty-four hours of re-entry to the hospital. 
The remaining 79 were obtained from outpatients who were consuming their usual diets at home. 
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5 who received chelator before an adequate control value was obtained, the 
mean changes in blood pressures of 14 individuals are included in Table II. Of 
10 benign hypertensive patients considered in the first part, the blood pressures 
of the three previously untreated ones fell 17/14 mm. Hg on the average. For 
the 6 receiving oral ganglionic-blocking agents, the dosage requirement was 
reduced an average of one-third despite a diminution in mean blood pressure of 
9/6 mm. Hg.* The tenth patient, who had no obvious effect from EDTA, 
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Fig. 1.—Effects of oral hydralazine and intravenous EDTA on plasma cholesterol levels. L. T., 
of age, was seen in October, 1954, because of mild exertional dyspnea and ankle edema for six 
months. At 7 years of age he had Marie-Strumpell arthritis, and at 25 years of age, migratory poly- 
arthritis without urinary symptoms. Nephrosis was clinically evident, and amyloidosis was proved 
by renal punch biopsy. To lower his plasma cholesterol, hydralazine was begun without evident 
clinical improvement. In January, 1955, ACTH therapy was followed by hematemesis, melena, and 
roentgenologic diagnosis of active duodenal ulcer. In a further effort to lower his plasma cholesterol, 
three courses of parenteral EDTA were given. On the sixth day of this first course of therapy, slight 
inflammation of the mucous membranes and a magenta tongue were observed, and he complained of 
soreness about his mouth and gums. By the final day, cheilosis, chemosis, scrotal inflammation, and 
pustular lesions over the face and trunk had appeared. Within a week, the lesions had vanished and 
a second course of EDTA was begun. On the fourth day, stomatitis reappeared and within seven days 
the same syndrome was present again necessitating the discontinuation of therapy. The three-day 
final course produced no such lesions; however, fever immediately followed the dosage increase to 4 Gm. 
cholesterol values for the second course were not plotted because such a low plasma level was attained 
that a laboratory error was suspected (303 mg. per 100 ml. on a single determination). The changes 


in cholesterol preceded clinical toxicity. 


44 years 


*A change in the requirement for ganglionic-blocking agent can suggest vasoactivity of a second 
drug. An adequate test system is the patient whose blood pressure is controlled at relatively constant 
normal! levels by a variable intake of blocking agent at four-hour intervals. Ordinarily, such a patient 
takes a full dose of blocking agent when his systolic pressure exceeds 140 mm. Hg, one-half dose when 
his pressure is between 140 and 130 mm., one-quarter dose when it is between 130 and 120 mm., and 
none when it falls below 120 mm. The patients considered here took simultaneous but fixed amounts 
of hydralazine and the variation in their weekly requirement for blocking agent was small. Therefore, 
an automatic reduction in dosage without an increase in blood pressure suggests a depressor effect of 
the additional agent in a patient with well-controlled hypertension. In the presence of moderate hyper- 
tension, a decrease of blood pressure with little or no change in blocking agent may indicate the same 
thing. By considering both blood pressure and dosage of blocking agent, a better evaluation of the 


vasoactivity of a drug can be obtained. 
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never tolerated ganglionic-blocking agents and was inadequately controlled on 
oral hydralazine alone. The pair of malignant hypertensive patients who make 
up the second part of Table II had no apparent response to parenteral EDTA. 
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Fig. 2.—Effect of intravenous EDTA on plasma cholesterol. 


TABLE II. MEAN BLoop PRESSURE RESPONSE TO INTRAVENOUS EDTA 


MEAN CONTROL] MEAN CHANGE | MEAN 


BLOOD TOTAL IN BLOOD CHANGE IN LONG-STANDING 


PRESSURE EDTA PRESSURE METHONIUM MAINTENANCE 


PATIENT 
(MM. HG) (GM. ) (MM. HG) (PER CENT) THERAPY 
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C., indicates oral hexamethonium chloride; C;, oral pentolinium tartrate. Hydralazine was given 
orally. Each blood pressure level, or change therein, is the mean of all measurements made either 
before therapy (average 23, range 12-41) or during the period when the drug was being given (average 
The mean decrease in methonium intake indicates the lessened requirement for 
Each change in medication is based on 


19, range 11-36). 
ganglionic blockade to achieve the blood pressure indicated. 
exactly the same number of recordings as the corresponding change in blood pressure. 
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Fig. 3,A.—(For legend see opposite page.) 


Both later required large amounts of oral hydralazine and autonomic-blocking 
agents for satisfactory control. Intravenous EDTA raised both systolic and 
diastolic pressures slightly in one of the two normotensive diabetic patients 
who conclude the table. Fig. 3 illustrates a more definite hypertensive effect 
in the unusual situation of normotension induced by cobalt*; however, in this 
instance the EDTA was given orally. 
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Fig. 3.—Effect of oral cobaltous chloride and oral EDTA on blood pressure. H. D. was a 48-year 
old woman with atherosclerotic cerebral vascular damage and hypertension. A, These two graphs 
represent her first two hospitalizations. Control of hypertension was achieved with hexamethonium 
chloride and hydralazine in May, 1952. Following discharge the patient was not seen until February, 
1953; by then her hypertension had become re-established following irregular self-administration of 


Within ten days of beginning cobaltous chloride, normal blood pressure was observed 
Moreover, normotension continued at 
Her blood 


her medication. 
despite the automatic elimination of hexamethonium intake. 
home without any drugs. B, This pair of graphs represents the third hospitalization. 
pressure, which was normal on readmission in October, 1954, rose after EDTA and then returned to 
normal levels after the addition of cobalt and later the elimination of EDTA. All medication was oral 
and all blood pressure measurements were made with the patient supine. Except for a period of strict 


normotension from Oct. 13 to 21, 1954, all sphygmomanometric readings are shown. 
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Reactions.—Twelve grams of EDTA in 500 ml. of fluid were given to the 
first atherosclerotic patient in error; syncope resulted within a few minutes of 
venipuncture, causing the medication to be temporarily discontinued. Later, 
the remainder was taken at a slower rate without further obvious difficulty, 
although a brief bout of fever was noted several hours afterward. Eleven of 
the 22 patients given parenteral EDTA developed similar pyrexic responses 
without other apparent cause. As indicated in Table III, an elevated temper- 
ature occurred after one to three injections in 8 of the 9 individuals who received 
4 Gm. or more of intravenous EDTA at a single dose, but in only one of the 13 
who received smaller maximum doses. In the one instance where the infusion 
was repeated twenty-four hours after such a reaction, the second pyrogenic 
response was almost double the first. The fever was maximal from three to 
six hours after the medication was begun. Most patients had reachieved normal 
temperatures twelve hours later, and the rest within twenty-four hours. No 
evidence of infection could be found, and there were no associated symptoms, 
signs, or laboratory abnormalities. 


TABLE III. REACTIONS TO INTRAVENOUS EDTA 


MAXIMUM 
MAXIMUM j RISE IN TEM- 
SINGLE TOTAL | NUMBER PERATURE 


PATIENT DOSE DOSE OF AFTER LAST COMMENT 
(GM.) (GM./KG.) INFUSIONS INFUSION 
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In contrast to the foregoing acute febrile reaction following a single large 
injection of EDTA, the second hypertensive patient and the nephrotic patient 
developed a different reaction after ten and eight infusions of smaller amounts 
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Number 5 


resulting in total doses of 0.54 and 0.24 Gm. per kilogram of body weight, re- 
spectively. This delayed reaction was characterized by magenta tongue, sore 
mouth, cheilosis, chemosis, papular rash, ulceration of buccal mucous membrane, 
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Fig. 4.—Effect of oral hydralazine on total fasting plasma cholesterol in 112 hypertensive patients. 
Changes in cholesterol concentrations before and after hydralazine are plotted against the length of 
therapy. Each large dot indicates a patient with an initial cholesterol level of more than 215 mg. per 
100 ml. plasma. Each small circle indicates a patient with lower initial values below 211 mg. per 100 


ml. plasma. 


and, in the case of the nephrotic patient, persistent fever, resembling avitaminosis 
B. In this pati nt, trace metal analysis of the urine revealed a fivefold increase 
in zinc excretion durir._ the third course of EDTA.” The seventh hypertensive 
patient also developed fever which lasted several days after a total dose of 
0.35 Gm. of EDTA per kilogram of body weight. Similar, but much milder, 
reactions of the delayed type may have occurred in the second diabetic patient 
and in the patient represented in Fig. 3. 
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Effect of Oral EDTA on Cholesterol.—In Table IV are shown the changes 
in total fasting plasma cholesterol concentration following 1 Gm. daily of oral 
calcium disodium EDTA in 10 patients whose diagnoses are indicated. All 
alterations were initially downward; depressions of 40 mg. per 100 ml. occurred 
in only one-half. The most marked fall occurred in the first patient mentioned 
in the table, who had intermittent claudication. Prior to oral EDTA a pair of 
control cholesterol determinations averaged 278 per 100 ml. plasma. After 
sixty-four days his level was 145 mg., and after ninety-two days it was 128 mg. 
per 100 ml. plasma. During chelate therapy, his exercise tolerance improved 
and his oscillometric readings in both legs increased from 0 to 2 mm. Hg. The 
4 patients with severe angina pectoris claimed symptomatic improvement. 
The initial fall was sustained in only 2 cases. 

Effect of Oral Hydralazine on Cholesterol.—In Fig. 4, changes in the total 
fasting plasma cholesterol concentration are plotted against the length of oral 
hydralazine therapy for 112 hypertensive patients. The mean fall for the entire 
group was 29 mg. per 100 ml. of plasma. Of 66 whose initial cholesterol levels 
were between 216 and 377 mg. per 100 ml. plasma (average 259 mg.), 28 with 
less than 180 days of hydralazine therapy had a mean decrease of 48.2 + 4.8 mg. 
from their control values; while for 38 the mean decrease was 43.5 + 6.4 mg. 
after one-half to three and one-half years of treatment.* On the other hand, 
of 46 patients with initial levels between 215 and 106 mg. per 100 ml. plasma 
(average 179 mg.), 30 had a mean drop of 17.2 + 7.2 mg. in the first six months 
of therapy; whereas 16 had a mean increase of 16.7 + 13.6 mg. after longer 
periods of treatment.* 


TABLE IV. CHANGE IN PLASMA CHOLESTEROL WITH A DAILY GRAM OF ORAL EDTA 


PATIENTS 


CONTROL | CHANGE INTERVAL 
(MG. %) | (mG. 9 (WEEKS) MAJOR DIAGNOSIS 
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Peripheral vascular disease 
Arterial hypertension 

Coronary occlusion, convalescent 
Angina pectoris 

Arterial hypertension 

Arterial hypertension 

Angina pectoris 

Angina pectoris 

Angina pectoris 

Arterial hypertension 
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DISCUSSION 


Both Table IV and the first part of Table I suggest that the higher the 
control cholesterol level, the greater the fall following EDTA. Excluding the 


*The numbers following the + are standard errors and serve as a measure of the reliability of the 
means cited. Obviously the first two mean depressions represent a very significant fall in cholesterol; 
while even the sign of the last one, which indicates an increase in cholesterol, is uncertain. 
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markedly hypercholesterolemic patient with nephrosis, intravenous EDTA by 
itself acutely lowered the mean plasma cholesterol value to 148 mg. per 100 ml. 
of plasma (Table I) and hydralazine alone, by mouth, chronically lowered it 
to 167 mg. (Table I). Briefly superimposing parenteral EDTA on continuing 
oral hydralazine further depressed it to 128 mg. (Table I), suggesting an additive 
effect. An apparent limit below which metal binding agents will not decrease 
plasma cholesterol is suggested by the clustering of the concentrations between 
121 and 135 mg. after the two agents were used together. If the nephrotic 
patient is again excluded, the role of pyrogenic reactions in lowering plasma 
cholesterol levels for the other 9 patients in the first two parts of Table I is 
demonstrably negligible, since only the seventh hypertensive patient developed 
fever and he alone showed an increase in cholesterol. Similarly, the delayed 
reaction characterized by mucocutaneous lesions played no major part since, 
of the same 9 patients, the only one to develop them had much the highest final 
cholesterol value. The third part of Table I is less significant, since it is impossible 
to separate the effect of the EDTA and hydralazine; however, Fig. 4 demon- 
strates the cholesterolytic response to oral hydralazine in hypertensive patients 
with higher than average plasma cholesterol levels. Contrary to our initial 
impression,® there is no definite lessening of the effect with time. Obviously, 
oral EDTA was prolongedly cholesterolytic in only an occasional case. 

The mechanism by which a pair of metal binding agents lowers the plasma 
cholesterol concentration is not clear. Hydralazine is an active compound, the 
known reactions of which include combination with carbonyl and sulfhydryl 
groups as well as metal ions.* Chemically, however, EDTA is relatively inert; 
its effects seemingly must be due to chelation of transition or related metals. 
Hence, if the same mechanism operates in both instances, it is probably mediated 
by an enzymatic process, the metallic coenzyme for which is affected. The 
apparent cholesterolytic action recalls the 8-hydroxyquinoline inhibition of 
hepatic conversion of acetate to cholesterol in the rat rather than the stimu- 
lation of that reaction by EDTA. The complicated interrelationships of 
various metals and binding agents in intact animals may explain diverse actions 
of chelating agents. In addition, the removal of accumulated ‘‘abnormal”’ 
elements such as chromium or cadmium, which have been found in human 
tissues,'® might be involved. The increased urinary excretion of transition and 
related metals in untreated ‘‘malignant’’ hypertension!’ ”° suggests that the 
metallic spectra of various organs may be a function of the state of health. 

The effect of EDTA on human blood pressure was not comparable to that 
seen acutely in rats with experimental renal hypertension.’ The essentially 
neurogenic basis of the high blood pressure in the patients tested may partly 
explain the smaller effect observed. The obvious pressor response to oral 
chelate in one woman is unexplained, but might be considered a reversal of 
cobalt-induced normotension,* since EDTA binds this metal. 

Sufficiently large single doses of intravenous EDTA consistently produced 
brief episodes of fever, a sign also frequently noted in hydralazine toxicity.” 
A different, less acute, and more poorly defined reaction was sometimes eventu- 
ally produced by repeated infusions of smaller amounts of EDTA. The 2 hyper- 
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tensive patients who received more EDTA per kilogram of body weight than any 
other patients developed such delayed reactions. The pair of normotensive 
patients with similar symptoms had smaller total doses. That toxicity is un- 
common when EDTA is used to remove heavy metals may be due to the pre- 
dilection of the chelator for the poison, thus protecting essential trace metals. 


SUMMARY 


Twenty-two patients received from 3 to 27 Gm. of intravenous EDTA. 
Six times after an average total dose of 18 Gm., and without change in other 
metal binding drugs, the total fasting plasma cholesterol fell an average of 75 
mg. per 100 ml. of plasma. Initially low values were altered less. The average 
depression in 112 unselected hypertensive patients was 29 mg. following oral 
hydralazine therapy; however, among the 66 with high control levels the fall 
was 48.2 mg. in the first six months, and thereafter 43.5 mg. per 100 ml. of plasma. 
In 10 hypertensive patients who received an average of 13 Gm. of EDTA the 
blood pressure decreased an equivocal 10/8 mm. Hg, although for 6 who took 
autonomic-blocking agents there was a simultaneous reduction of 34 per cent 
in the requirement for that drug. Of 9 patients who received single doses of 
4 Gm. or more of EDTA, 8 quickly developed fever, and in 2 who received large 
total doses in relation to their body weight, mucocutaneous lesions were ob- 


served. 
REFERENCES 


Curran, G. L.: Effect of Certain Transition Group Elements on Hepatic Synthesis of Cho- 
lesterol in the Rat, J. Biol. Chem. 210:765, 1954. 

Curran, G. L.: Metal Chelating Agents and Hepatic Cholesterol Synthesis, Proc. Soc. 
Exper. Biol. & Med. 88:101, 1955. 

Rubin, Martin, Martell, Arthur E., and Bersworth, Frederick C.: The Biological Actions 
of the Versenes, Framingham, Mass., 1954, Versenes, Inc. 

Uhl, H. S. M., Brown, H. H., Zlathis, A., Zack, B., Myers, G. B., and Boyle, A. J.: Effect 
of Ethylenediamine Tetraacetic Acid on Cholesterol Metabolism in Rabbits. Pre- 
liminary Report on Effect of Parenteral and Oral Administration of Disodium and 
Calcium Salts, Am. J. Clin. Path. 23:1226, 1953. 

Schroeder, H. A., Menhard, E. M., and Perry, H. M., Jr.: Antihypertensive Effects of 
Metal Binding Agents, J. Lab. & Clin. Med. 46:416, 1955. 

Perry, H. M., Jr., and Schroeder, H. A.: Studies on the Control of Hypertension by Hyphex. 
III. Pharmacological and Chemical Observations on 1-Hydrazinophthalazine, Am. 
J. M. Sc. 228:396, 1954. 

Pauli, W.: Ueber Ionenwirkungen und ihre therapeutische Verwendung, Miinchen. med. 
Wcehnschr. 50:153, 1903. 

Page, I. H., Corcoran, A. C., Dustan, H. P., and Koppanyi, T.: Cardiovascular Actions 
of Sodium Nitroprusside in Animals and Hypertensive Patients, Circulation 11:188, 
1955. 

Black, M. M., Zweifach, B. W., and Speer, F. D.: Comparison of Hypotensive Action of 
Sodium Azide in Normotensive and Hypertensive Patients, Proc. Soc. Exper. Biol. & 
Med. 85:11, 1954. 

Schroeder, H. A.: The Antihypertensive Influence of Certain Sulfhydryl Compounds, 
Science 114:441, 1951. 

Schroeder, H. A., Menhard, E. M., and Perry, H. M., Jr.: The Antihypertensive Proper- 
ties of Some Mercaptans and Other Sulfur-containing Compounds, J. Lab. & Clin. 
Med. 45:431, 1955. 

Perry, H. M., Jr., Teitelbaum, S., and Schwartz, P. L.: Effects of Antihypertensive Agents 
on Amino Acid Decarboxylation and Amine Oxidation, Federation Proc. 14:113, 1955. 

Schroeder, H. A., Morrow, J. D., and Perry, H. M., Jr.: Studies on the Control of Hyper- 
tension by Hyphex. I. Effect on Blood Pressure, Circulation 8:672, 1953. 

Perry, H. M., Jr., and Schroeder, H. A.: Studies on the Control of Hypertension by Hyphex. 
VI. Some Evidence for Reversal of the Process, (Submitted for publication.) 


bie EFFECT OF EDTA AND HYDRALAZINE ON PLASMA CHOLESTEROL 533 


15. 
16. 
Br: 


18. 


19. 


20. 


Morrow, J. D., Schroeder, H. A., and Perry, H. M., Jr.: Studies on the Control of Hyper- 
tension by Hyphex. II. Toxic Reactions and Side Effects, Circulation 8:829, 1953. 

Perry, H. M., Jr., and Schroeder, H. A.: Syndrome Simulating Collagen Disease Caused 
by Hydralazine (Apresoline), J. A. M. A. 154:670, 1954. 

Schroeder, H. A., and Perry, H. M., Jr.: Lesions Resembling Vitamin B Complex De- 
ficiency and Urinary Loss of Zinc Produced by Ethylenediamine Tetraacetate, (To 
be published.) 

Tipton, I. H., Steiner, R. L., Foland, W. D., Mueller, J., and Stanley, M.: Spectrographic 
Analysis of the Tissues from Autopsies of Twenty-four Instantaneous Deaths, Oak 
Ridge National Laboratory Report, C. F. 54-12-66, Dec. 10, 1954. 

Perry, H. M., Jr., Schroeder, H. A., and Frederickson, A. F.: Urinary Trace Metals From 
Normal and Treated and Untreated Hypertensive Patients, J. Lab. & Clin. Med. 
44:907, 1954. 

Perry, H. M., Jr., and Schroeder, H. A.: A Comparison of the Concentration of Several 
Trace Metals in the Urine of Treated and Untreated Malignant Hypertensive Patients 
as Compared With Normal Individuals, to be presented to the Central Society For 
Clinical Investigation, Nov. 1955 (abstract, in press). 


SOME EXPERIENCES WITH PHYSICAL DISABILITIES 
FROM CHRONIC ILLNESS IN OLD PERSONS 


AusTINn B. Cutnn, M.D., AND RutH Mason, M.S. 


CLEVELAND, OHIO 


From the Department of Medicine, Western Reserve University School of Medicine and 
Benjamin Rose Hospital 


(Received for publication July 5, 1955.) 


"age males recently established in Cleveland for the management of 
“ long-term illness in older people, has provided an opportunity for making 
observations of various influences of these illnesses with respect to the individual, 
the family, and the community. This communication is concerned solely with 

he nature of the physical disabilities and results of physical rehabilitative efforts 
in an initial group of patients admitted to this hospital. Obviously, the physical 
aspects of long-term illness represent only a portion of each patient’s total health 
problem, and, in a future communication, pertinent psychiatric, social, and 
economic aspects will be discussed. Though it cannot be said that the physical 
side of long-term illness is more or less important than other aspects, it is usually 
the factor which brings concerted attention to the individual patient. Because 
we have dealt with serious incapacitating sickness in a group of very old people 
and have been encouraged by this early experience, it is believed worthy of 
comment. 

CASE MATERIAL 


Certain observations concerned with the physical disabilities of the first 
100 persons admitted to the Benjamin Rose Hospital will be described in the 
present report. Except for the fact that they did not present problems for 
obvious custodial or domiciliary care, these persons represented an unselected 
group, and were uniform only in that, because of their illnesses, they were thought 
to need either hospital evaluation, treatment, or both. The duration of hospi- 
talization varied from two weeks to seven months, with an average stay of just 
under two months. Those patients who, it was thought, could benefit by physi- 
cal rehabilitative treatment, received intensive physical therapy with muscular 
training and instruction in daily living activities, in addition to indicated medical 
and surgical measures. Among the first 100 persons admitted, 14 died during 
the initial hospitalization, leaving 86 who were discharged. Since we are con- 
cerned here with experiences and results from hospital management, information 
about the 86 persons who survived hospitalization is all that is considered perti- 
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DISABILITIES FROM CHRONIC ILLNESS IN AGED 


OBSERVATIONS 


Fig. 1 represents the age grouping of the 86 persons at the time of hospital 


admission. The average age was 77 years. 
dence of the major physical diseases in these patients. 


Table I gives a listing with inci- 
Although most of them 


had multiple disease states, only the principal incapacitating illnesses are listed. 
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Fig. 1.—Distribution of age groups in 86 patients admitted to and discharged from hospital. 


TABLE I. INCAPACITATING ILLNESSES IN 86 PATIENTS ADMITTED TO AND DISCHARGED 


From HospPItTAL 


DIAGNOSIS 
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6. 
(F 
8. 
9. 


None 

Cerebral vascular accident 
Cerebral arteriosclerosis 
Parkinson’s disease 
Hypertensive cardiovascular disease 
Arteriosclerotic heart disease 
Fractures 

Rheumatoid arthritis 
Osteoarthritis 

Diabetes 

Malnutrition and general debility 
Obesity 

Decubitus ulcers 

Convalescent care 

Malignant tumors 

System disease other than above 
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Such conditions as osteoporosis, emphysema, lower urinary tract infections, 
hypertension, etc., when not incapacitating and therefore not a cause per se of 


hospitalization, have not been listed. 


It should suffice to say that the medical 


and surgical management of these various illnesses was in accord with the stand- 
ards of good practice. 
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The practical results of hospitalization of the patients is believed to be best 
illustrated through a description of their functional capacities for daily living. 
Seven basic functions were selected as best representing the physical capabilities 
of the whole patient and each patient was analyzed for these at the time of hospi- 
tal admission and at the time of discharge. Fig. 2 represents the distribution 
of these seven basic functional capacities in the 86 patients at the time of hospital 
admission and discharge. It should be remembered that this figure includes 
not only the patients who were given physical rehabilitative treatment, but 
also those who, after evaluation, were believed not capable of benefiting from 
treatment. Despite this fact, the information would seem to indicate that, in 
the group as a whole, there was appreciable improvement in most of the daily 
living requirements at the end of their hospital stay, even though the duration 
of restricted physical capacities had been in existence for weeks in almost all 
patients, and for months in some, previous to hospital admission. 
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Fig. 2.—Distribution of seven functional capacities in 86 patients at time of hospital admission and 


discharge. 


In order more fully to appreciate the comparable status of the individual 
patient at the time of admission and discharge, an attempt has been made to 
identify each by a numerical figure. To each of the already described functional 
capacities has been attached an arbitrary figure which has been varied according 
to what was thought to be the relative psychologic, sociologic, and nursing 
advantage to the patient who could perform a given function. For instance, 
the value attached to the function of eating is, logically, less than that attached 
to bowel and urinary continence. Table II gives the values attached to each 
of the seven functional capacities, both when performed by the patient alone 
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TABLE II. NUMERICAL VALUES GIVEN TO SEVEN FUNCTIONAL CAPACITIES WHEN PERFORMED 
ALONE AND WITH HELP 


FULL CAPACITY PARTIAL CAPACITY 
VALUE VALUE 
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and when performed only with assistance. It is fully appreciated that this is 
an arbitrary means of expression and is not without error, particularly in the 
numerical relationship of these capacities to each other. It may be seen that, 
with this means of expression, any one patient at a given time might have a 
total numerical value in the range of 0 to 50. 
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Fig. 3.—Distribution of numerical profiles of 86 patients at time of hospital admission and discharge. 


Fig. 3 represents the distribution of these numerical profiles in the 86 pa- 
tients at the time of admission and discharge. It is quite evident that a sub- 
stantial number of patients were appreciably more capable of self-care on leaving 
the hospital than when admitted. 

In order to express this, and to show the number of patients who actually 
did improve and to what extent they improved, Fig. 4 has been made. This 
represents the distribution of values obtained when the admission numerical 
value for each patient was subtracted from the discharge value. It is obvious 
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that during hospitalization a considerable number of patients (23) did not change 
at all, and that 7 patients actually regressed functionally. On the other hand, 
36 patients improved to the extent of increasing their numerical values more 


than 20 points. 
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Fig. 4.—Distribution of net numerical values for 86 patients, obtained by subtracting hospital admission 
values from hospital discharge values. 
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Fig. 5.—Fate of first 100 patients admitted to the hospital. 


FOLLOW-UP OBSERVATIONS 


Having accumulated the experience already described, it was deemed a 
worthwhile undertaking to determine the status of each of the 86 patients still 
living one year after leaving the hospital. Information was therefore collected 
about each individual’s functioning capacities at the year’s end. This infor- 
mation was in almost all instances obtained by personal interview and evaluation 
of each patient by the authors, although, in a few instances, testimony of another 
reliable observer was taken. 

In Fig. 5, the fate of the original 100 patients admitted is outlined. Of 
the 86 who left the hospital, 19 were dead within one year, and 62 were followed 
at one year after hospital discharge. Fig. 6 gives the age distribution of these 
62 living patients and Table III their incapacitating illnesses at the time they 
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were in the hospital. These data compare proportionately to those on the whole 
group of 86 and would indicate that insofar as age and the nature of illnesses 
were concerned, no special group of patients survived for one year after hospital 


discharge. 
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Fig. 6.—Distribution of age groups in 62 patients, followed one year after hospital discharge. 


The distribution of the seven basic functions for these 62 patients at the 
time of hospital admission, hospital discharge, and one year after discharge is 
presented in Fig. 7. It is quite evident that the increase in these functional 
activities at the time of hospital discharge was to a large measure preserved in 
those patients who were living at the end of one year. 


TABLE III. INCAPACITATING ILLNESSES IN 62 PATIENTS, FOLLOWED ONE YEAR AFTER 
HosPITaAL DISCHARGE 


DIAGNOSIS NUMBER 
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Fig. 7.—Distribution of seven functional capacities in 62 patients at time of hospital admission, 
discharge, and one year after hospital discharge. 
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Fig. 8.—Distribution of numerical profiles in 62 patients at time of hospital admission, discharge, 
and one year after hospital! discharge. 
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Fig. 9.—Distribution of net numerical values in 62 patients followed one year after hospital dis- 
charge. Part I, Hospital admission values subtracted from hospital discharge values. Part II, Hospital 
discharge values subtracted from one year follow-up values. 
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The distribution of numerical profiles for the individual 62 patients at the 
time of admission, at the time of discharge, and one year later is illustrated in 
Fig. 8. The increase in functional capacities of individuals during the hospital 
stay, and their preservation for one year, is again illustrated by this means. 

Part I of Fig. 9 illustrates the distribution of the net differences obtained 
by subtracting admission values from discharge values, and Part II illustrates 
the distribution of those net differences obtained by subtracting the discharge 
values from the one year follow-up values. In these 62 people, there was a 
decided increase in functional capacity in a good many patients during hospital 
stay; during the year after discharge, most patients who survived remained 
essentially unchanged. 

COMMENT 


From the data presented it is evident that, as a group, the 86 aged and 
chronically ill persons who were admitted and discharged from the hospital 
achieved significant improvement in their functional capacities and requirements 
for daily living while in the hospital. The one year follow-up information on 
the 62 living patients indicates, moreover, that those persons who survived the 
year after hospital discharge retained the functional improvement acquired while 
in the hospital. This information, we believe, is important when one considers 
the traditional aura of hopelessness generally surrounding serious illness in such 
an aged group of people. The fact that the data are derived from an unselected 
group of patients adds to its meaning. 

It is very difficult to measure the individual and community influence 
brought about by the physical betterment of any one of these patients. As- 
suredly, a measure of self-care exhibited by any one has a very substantial social 
and economic impact. The money and effort invested in the hospitalization of 
each of these patients appears to have been rewarded, particularly since those 
that lived as long as a year after hospital discharge did for the most part retain 
the functional status present at hospital discharge. Despite the fact, therefore, 
that present experience indicates that out of any 100 such patients admitted to 
a hospital, roughly one-third will not benefit at all, and about one-third will be 
dead within a year of hospital discharge, the increased capabilities of those who 
do improve and survive would appear to justify the undertaking. 

Because this was a new hospital with no established precedents, a word 
with respect to certain experiences in its operation might be of interest. It was 
the original intention that patients should be admitted who, it was thought, 
could be particularly benefited by the special facilities and techniques available 
only in a hospital. It was learned very early, however, that without a period 
of observation, opinions as to the potential of any one patient for benefiting 
from hospitalization were in error too frequently to make the plan workable. 
Some patients with chronic sickness, who, before a period of observation, gave 
little promise of being benefited, gained a great deal from intensive treatment; 
occasionally the reverse was true. For these reasons, it is our belief that no 
common means of measurement can be utilized for all patients and that most 
aged people with chronic illness, however devastating, deserve to be hospitalized 
at some time, for proper evaluation and effort at treatment. 
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A second of the original policies was one relative to the continued hospi- 
talization of patients who were thought to be no longer capable of benefit from 
specific hospital facilities. In an institution of this character, it is often a temp- 
tation to continue the patient in the institution far beyond his actual needs. 
We believe it economically unsound and professionally wasteful to keep patients 
in the expensive environment of the hospital when they can live with equal 
comfort and service elsewhere. This policy has been adhered to, and, generally 
speaking, has worked so successfully that this hospital of very small capacity 
has cared for a surprisingly large number of people. The program is greatly 
dependent upon a vigorous medical social service organization. Each patient 
has a preliminary social service evaluation before hospital admission with follow- 
through during and after hospitalization. As a result of these experiences, it 
is believed that any efficient hospital caring for patients with chronic illness can 
no more do without proper medical social services than without the facilities 
for proper medical and nursing care. 

At this point it might be well to point out that the acceptance of old people 
with grave incapacitating illness into any hospital calls for particular attitudes 
from all personnel surrounding them. It most certainly is true that the maximal 
benefit to be derived from evaluation and treatment requires of the medical, 
nursing, and technical personnel attitudes whereby every possible mental and 
physical resource of the patient is utilized and enlarged upon. Oftentimes, 
seemingly small gains must be looked upon as major accomplishments. It is 
only through such attitudes that the morale and service of a hospital may re- 


main high with substantial profit to the patients and the people who work with 


them. 


SUMMARY AND CONCLUSIONS 


1. Certain experiences with the physical disabilities of 100 chronically 
ill, aged persons, admitted to a hospital for evaluation and/or treatment are 
described. 

2. Approximately one-third of an unselected group of such persons may 
be substantially improved for their daily living requirements by intensive treat- 
ment. 

3. Follow-up information indicates that such physical improvement, 
achieved while in the hospital, is in large measure preserved in those patients 
who survive for one year after hospital discharge. 

4. This sustained physical betterment in the aged person is believed to 
have a significant socioeconomic influence on the individual, family, and com- 
munity. 

5. Certain other experiences relative to the management of a chronic 
disease hospital for the aged are described. 
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HIS report is one of a series'® concerning a study of untreated acquired 

syphilis in the male Negro in Macon County, Alabama, conducted by the 
Venereal Disease Program, Division of Special Health Services, United States 
Public Health Service. Previous reports have dealt with: the various ab- 
normalities found in untreated syphilitic individuals and nonsyphilitic controls 
at the time of the initial examination; the life expectancy of the respective groups 
after twelve years’ observation; the abnormalities among untreated syphilis 
patients with special attention to the cardiovascular system after six years’ 
observation; and a comparison of physiologic changes in the groups after sixteen 
years’ observation. 


HISTORICAL BACKGROUND 


The natural history of untreated syphilis, that is, the incidence and types 
of complications, the occurrence of latency, and the incidence of spontaneous 
cure in the host, unaided by specific therapy, has been surmised chiefly from the 
work and reports of Boeck and Bruusgaard in Oslo, Norway. In 1927, 
Bruusgaard,!® and, more recently, Gjestland,!! have sought out and re-examined 
the survivors of the original members of Boeck’s syphilis clinic in which, from 
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1889 to 1910, mercury, the only drug available, was withheld from the patients as 
being of questionable value and, perhaps, of harm. This had constituted the 
only well-studied and documented group of untreated syphilis patients in medical 
literature. 

In 1946, Rosahn™ published results of a retrospective study of untreated 
syphilis cases coming to autopsy at Yale University hospitals. 

As described in detail by Olansky and associates,* the present study arose 
as an outgrowth of one of the earliest extensive blood-testing and syphilis treat- 
ment programs in the United States, sponsored by the Rosenwald Fund and 
then by the Public Health Service in Macon County, Alabama, in 1930 and 
1932, respectively. These surveys revealed a shocking incidence of syphilis 
which marked the area to be one of “‘saturation’’ with the untreated disease. 
After treatment of the acute cases, a group of Negro men over 25 years of age, 
who volunteered for the examination, were selected for study. It was agreed 
that they would be kept under observation by the local health officer and public 
health nurse; that they would be examined at intervals, to check on their physical 
status; and they would not be given specific therapy for syphilis, if syphilitic. 
A group of approximately 400 individuals was selected, in all of whom the diag- 
nosis of syphilis was made in accordance with criteria laid down at the time and 
detailed elsewhere.!. A control group, selected to match with respect to age 
and general social level, was taken from among the nonsyphilitic population 
examined in the survey, and was considered as nonsyphilitic on the basis of 
seronegativity and freedom of history or signs of the disease. At the time the 


groups were selected from a farming community of poor, rural, southern Negroes, 
the socioeconomic and health status was generally so low that the only dif- 
ference between syphilitic and control groups was in the presence or absence 


of evidence of syphilis. 

In the fall of 1951, a fourth survey of the survivors of the original study 
group was begun. An effort was made to locate as many of the men as possible 
in order to gather maximum clinical and serologic information, as well as to 
determine whether or not the advent of the ‘‘antibiotic era’’ had defeated the 
project as a study of untreated syphilitic men. It was anticipated that history 
taking would be more important, and perhaps more difficult, than previously, 
in respect to type, amount, date, and source of any treatment received. A 
special field investigator was assigned to the survey. He helped the nurse 
follow-up worker in locating and transporting the patients and, also, sought 
information relating to treatment and socioeconomic status from each patient. 

The beginning of this survey coincided with a visit to the United States 
of Gjestland of Norway, the chief worker in the current re-examination and 
re-evaluation of the survivors of the Boeck-Bruusgaard study. At the invi- 
tation of the Division of Venereal Disease, he visited Tuskegee and observed 
the first group of patients as they were examined. He saw, first hand, the re- 
markable socioeconomic and racial difference between the rural Alabama Negro 
farmers and the fair-skinned Norwegians whom he has been studying. 

As the first aged men trooped into the hospital for examination, Dr. 
Gjestland and the examiners felt as if they were witnessing a strange and historic 
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procession. Their feelings were similar to those of Bruusgaard who wrote in 
1929, “It produced a curious impression to see these patients after so many 
years . . . several of them over 70 . . . a strikingly large percent of the 
cases were free of clinical symptoms . . . many of these patients had ap- 
parently tried to undermine their health by an unreasonable mode of life, but 
had not succeeded. . .’’!° 

Despite the similarities, however, certain striking differences between these 


two studies of untreated syphilis are apparent and are listed in Table I. 


TABLE I. TABULAR LISTING OF DIFFERENCES IN THE UNTREATED SYPHILIS STUDIES IN 
ALABAMA AND IN NORWAY 


ALABAMA NORWAY 


Study population compo- | Rural Negro men | White men and women 
sition 
Control | Nonsyphilitic controls | No controls 
observed 
Percentage autopsied of 63.3 per cent | 24.3 per cent 
those who have died 
Patient motivation for | Volunteers with social | Sickness and disability 
study participation incentives 
Treatment status | Small amounts, especially in | Less treatment available, espe- 
younger men cially in early years of study 
Clinical facilities | Newer x-ray, EKG, and | Best medical facilities of the time 
serologic techniques (1925-1927) 


Spinal fluid examination | Most of the syphilitic patients | No routine spinal fluid examina- 


had spinal fluid examinations tion reported 


at start of study 
Selection of patient Acute syphilis and younger pa- | Only early, untreated syphilis 
material tients treated and omitted at | included 
start of study; early and late | 
latent patients studied and 
followed | 


METHODS 


Many of the techniques used in this survey were based on previous ex- 
perience, for example, timing. The ‘‘slack’’ season, between fall harvest and 
spring planting, has been most advantageous for the periodic examinations. 
The modern Veterans Administration Hospital in Tuskegee was utilized. An 
experienced public health nurse and follow-up worker contacted the men by 
letter and home visits.° Transporation to and from the hospital was provided. 
Incentives in the form of free, hot lunches and free medicine (for diseases other 
than syphilis) were given. One of the chief innovations in the current survey 
was emphasis on epidemiologic methods of tracing and contacting every possible 
survivor of the original study group. With the assistance of a trained field 
investigator, and with the cooperation of Venereal Disease Control officers in 
distant cities and states, most of the individuals now included in the study group 
have been traced; 209 of the total group (syphilitic patients and controls) are 
known to be dead, 332 are known to be living, and 59 are considered lost from 
observation, although efforts still are being made to trace them. Nine men still 
living in Macon County did not cooperate during the recent examination. These 
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men, too, are being observed, although ‘‘at a distance’’; news of their illness or 
disability is readily available. A few examinations were made during home 
visits to farmers who were isolated or apathetic. In several instances, the 
patient was surprised during his morning plowing and asked to step in the shade 
of the nearest tree for an on-the-spot history, physical examination, and blood- 
letting. The survey team, consisting of a physician, nurse, and an interviewer- 
investigator, worked in Macon County from November, 1951, to June, 1952. 
Table II shows the number of examinations performed in this recent survey. 


TABLE II. DISTRIBUTION OF SYPHILITIC AND NONSYPHILITIC PATIENTS EXAMINED IN THE 
1951-1952 SurRvEY 


} 
| 


NONSYPHILITIC | SYPHILITIC 
PATIENTS | PATIENTS 


Examined in Macon County, Alabama _ | 93 
Examined outside of Macon County | 1D 


Total examined 105 


THE STUDY POPULATION 


During twenty years of observation, the study population has undergone 
changes, most significant of which are due to higher mortality rates among the 
syphilitic individuals. Before such changes can be properly evaluated, the 
composition of the study group from the beginning of the study should be re- 
viewed. During 1932-1933, 412 syphilitic and 204 nonsyphilitic Negro men 
were selected for study. During 1938, at the time of the second physical exami- 
nation, 14 untreated syphilitic individuals were added to the group. Reports 
on this study population, published during the course of the study, have included 
varying numbers of syphilitic and nonsyphilitic patients. This has been due 
to different interpretations by the various clinicians and analysts in regard to 
the criteria set up for the selection of study patients. 

Prior to the preparation of reports based on the results of the 1951-1952 
survey of the patients, a complete review of the records was undertaken to de- 
termine, as nearly as possible, which patients actually met the study criteria 
as originally set up and had maintained their original status during the twenty 
years of observation, 1932 to 1952. Questionable case histories were discussed by 
two clinicians, a serologist, and a record analyst, all of whom are closely associated 
with the study. It was determined, as a result of this careful consideration, 
that six individuals (four in the syphilitic and two in the control group) did not 
meet the criteria set up for inclusion in the study. These, in addition to the 
14 persons who were added to the syphilitic group in 1938 and who, therefore, 
were under observation for only 14 years, are presently excluded from the syphi- 
litic group. Also excluded are 10 individuals in the original nonsyphilitic group 
who acquired syphilitic infection at some time during the 1932 to 1952 period 
of observation. 
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With these exclusions, the current series of reports is based on the case 
histories of 408 syphilitic and 192 nonsyphilitic individuals. Of the 408 syphi- 
litic patients, 208 were living, 41 are of unknown status, and 159* were known 
to be dead at the beginning of the 1951-1952 survey. Of the nonsyphilitic 
group, 124 were living, 18 were of unknown status, and 50* were known to be 
dead. 


The exclusion of the 18 syphilitic patients and 12 control patients from 
this series of reports does not mean that care and examination of these latter 
patients will be discontinued. An attempt will be made, as in the case of the 
other study patients, to follow these individuals through to autopsy, where 
findings at that time may prove to be as informative as those for the major 
study group. 
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Fig. 1.—Distribution of study population by age in 1932, showing the ratio of syphilitic to 
nonsyphilitic patients. 


AGES 


Age grouping is one of the chief classifications used in this and previous 
reports. Most abnormalities are noted with respect to age group, syphilitic 
patients being compared to nonsyphilitic controls. The importance of compar- 
able numbers in each age group was recognized at the start of the study. 


Shortly after the syphilitic individuals were selected, nonsyphilitic subjects 
were sought to match them in age distribution according to a fixed ratio. Fig. 1 
shows approximately twice as many syphilitic as nonsyphilitic subjects in each 
age group. The variations from this 2:1 ratio are not due to errors in the 
selection of the men in 1932, but rather to inconsistent ages given by certain 
individuals who were uncertain of their age. 


*Six syphilitic patients and one nonsyphilitic patient died during 1952 after having been examined 
in the 1951-1952 survey. Since physical findings on these individuals have been included among those 
of the examined group, these patients are, for purposes of this report, considered to be living and exam- 
ined. In the report on comparative life expectancies® of the syphilitic and nonsyphilitic groups, these 
seven patients have been included among the deaths since the expectancies were based on mortality 
experience through the year 1952. 
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Fig. 2A.—Status of syphilitic patients in study population in 1952, considered as a whole 
and by age groups. 
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Fig. 2B.—Status of nonsyphilitic patients in study population in 1952, considered as a whole 
and by age groups. 
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STATUS OF THE STUDY POPULATION AFTER TWENTY YEARS 


In Figs. 2A and 2B, the syphilitic and nonsyphilitic groups are compared 
after twenty years of observation. The majority of men lost or lapsed from 
observation are in the younger age groups; the young being traditionally more 
mobile than older, settled men. It is fortunate for the study, however, that 
many of the men who have moved out of Macon County continue to communi- 
cate with the public health nurse in Tuskegee or later return to their homesteads. 
The percentage of men lost from observation is comparable in each group, 10 
per cent of the syphilitic patients and 9.4 per cent of the nonsyphilitic subjects. 
These figures add validity to the findings in the study, not only because they 
show that relatively few men have been lost from observation, but also because 
they indicate that interest in the diseased men has not overshadowed the 
follow-up study of the equally important nonsyphilitic controls. 


MORTALITY COMPARED 


The relative mortality of syphilitic patients compared to nonsyphilitic 
controls is shown somewhat differently in Figs. 2A, 2B, and 3. As all previous 
workers in this study have found, the most striking single feature distinguishing 
the syphilitic group from the nonsyphilitic is that the death rate is higher among 
the syphilitic men. Exactly how and why more of the syphilitic group has died 
is not clearly discernible, but the penalty which the syphilitic patients have 
paid in terms of life expectancy is well documented.§ 


Percent Dead = Syphilitic Patients Percent Dead - Nonsyphilitic Patients 
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Fig. 3.—Mortality of syphilitic and nonsyphilitic patients, compared by percentage of each age group 
who have died during study period. 


In Fig. 3, the mortality percentages of the deceased, by age group, are 
compared. Here again is seen the higher mortality of the syphilitic patients 
in each age group, with the exception of the 75- to 79-year-old category, where 
the death rate for nonsyphilitic is higher than that for syphilitic men. Such a 
difference serves to point out how the diseases of the aged enter the picture and 
seem to level the differences in the mortality experience of the men as they enter 
their later decades. 


SCHUMAN, OLANSKY, RIVERS, SMITH, AND RAMBO Noe ioe 


THERAPY RECEIVED BY SYPHILITIC PATIENTS INTERVIEWED IN 1952 


It was expected that medical histories of the men in the study would reveal 
that they had received large amounts of antibiotic therapy for nonsyphilitic as 
well as syphilitic conditions. Questions were asked specifically as to time, 
source, duration, and amount of antibiotics received. Most of the men stead- 
fastly denied receiving any antibiotic. As the same interviewing techniques 
were applied to nonsyphilitic as well as to syphilitic subjects, it was reassuring 
to discover that the antibiotic treatment rates of the two groups, according to his- 
torical data, were comparable: 27.5 per cent of the syphilitic patients examined 
in 1952 had received penicillin in varying amounts as compared to 32.6 per cent 
of the nonsyphilitic patients examined. The explanations for this low rate of 
exposure to antibiotics in this antibiotic era of medicine apparently are: 

1. The economic plight of these men, who generally lack the means to 
afford medical care. 

2. The relative well-being and hardiness of this aging but sturdy group of 


farmers. 
3. The stoicism of these men as a group; they still regard hospitals and 
medicines with suspicion and prefer an occasional dose of time-honored herbs 


or tonics to modern drugs. 

Many of the men have never been examined by any physician other than 
the Public Health Service officer who comes to Tuskegee periodically for surveys. 
Even these physicians had to overcome the apathy of the men at first, until they 


became accustomed to the examinations. 

It is the practice of Public Health Service officers to refer men who develop 
syphilitic or nonsyphilitic conditions requiring therapy to the proper sources of 
treatment. Nevertheless, a few of the men have, on their own, sought and 
received antisyphilitic treatment in varying amounts. Some were treated by 
private physicians, a few had been inadvertently rounded up and sent to rapid 
treatment centers by health department workers who were unaware of the 
research project. Some of the patients were given therapy because of positive 
serologic tests for syphilis (STS) or because of a history of infection; some even 
were treated for unrelated symptoms, rather than for specific complications of 
syphilis. 

In Table III, a comparison is made of 8 subjects who received antisyphi- 
litic treatment: of disease duration in relation to treatment, serologic tests, 
and age. These 8 men were selected from the total of 12 syphilitic patients 
who have a history of adequate treatment. Their histories exemplify some of 
the problems encountered in this study. Patient 225 was the first man in our 
group to receive penicillin, which was given to him for a nonsyphilitic condition 
(pneumonia); after fourteen years of inadequately treated syphilis, his STS 
became negative following adequate treatment. Patient 097, 71 years of age, 
was seroresistant after adequate treatment, which is not difficult to explain 
since he had already lived with his untreated syphilis for forty-seven years and 
had submitted to therapy only because it was advised ‘‘as a premarital pre- 


caution.”’ 


ror: nate UNTREATED SYPHILIS IN THE MALE NEGRO 551 

The arsenical treatment listed is small, and, according to quantitative stand- 
ards agreed upon for the Sing Sing study,! less than 12 injection units can be 
regarded as ‘‘no treatment’’ (an injection unit is one injection of arsenical or 
two of bismuth). When the years of untreated syphilis are calculated for each 
man by subtracting the date of lesion from the date of treatment, and the total 
of the differences considered, we find 123 years of untreated syphilis and 107 
years of inadequately treated syphilis compared to 20 years of adequately treated 
disease. Note that these sums are obtained from analysis of histories of 8 of 
the men who had been treated, and who, at first glance, would have been dropped 
from a study of untreated syphilis. 


TABLE III. MepicaL HIsToRY OF LESIONS AND THERAPY OF EIGHT SYPHILITIC PATIENTS WHO WERE EXAMINED IN 
1952; SHOWING DURATION OF DISEASE BEFORE TREATMENT WAS RECEIVED 


| | ) 
| | DISEASE DURATION IN YEARS | KAHN REACTION 
PATIENT | HISTORY | ARSENICAL | DATE OF _| AGE 
CHART OF | | ADEQUATE | | IN 
NUMBER | LESION | NUM-| PENICILLIN UN- INADEQUATE] ADEQUATE | PRIOR TO AFTER | 1952 
| (DATE) | BER | TREATMENT | TREATED | TREATMENT | TREATMENT |TREATMENT|TREATMENT 
| | } | 


negative | negative | 
doubtful | doubtful | 
positive | negative | 
doubtful | doubtful | 
doubtful | negative 
positive | positive 
doubtful | negative 
positive | positive | 71 


1951 
1949 
1947* 
1949 
1949 
1951 
1950 
19507 


5 
7 
8 | 
8 | 
5 | 
6 } 
8 
0 


NonmMrR WwWwoWwr 


bo 
o 


3 of 8 became 
seronegative 


Average | 
years 
| 


*Penicillin received for 2 weeks continuously, for pneumonia. 
+tTherapy given to 71-year-old man as a premarital precaution. 


In Fig. 4, the treatment status of 160 syphilitic men, who furnished reliable 
treatment histories, is analyzed according to the amount and adequacy of 
therapy, on the basis of the categories recommended by the workers in the Sing 
Sing study.* The surviving syphilitic group is now 70 per cent untreated, 22.5 
per cent inadequately treated, and 7.5 per cent adequately treated; this is com- 
pared to 100 per cent untreated in 1932 when the study was begun. 


In Table IV, therapy status in 1952 is designated by age groups. 


*The Sing Sing criteria for ‘‘no treatment’’ is no treatment, or treatment of less than three months’ 
duration with arsenicals and bismuth, or less than 12 injection units of arsenicals and/or bismuth. 
“Inadequate treatment’’ is treatment for three to ten months, or 12 injection units or more, but less than 
‘‘adequate’’ treatment, or less than 2,400,000 units of penicillin. ‘‘Adequate treatment’’ is 20 injections 
each of arsenicals and bismuth, or 30 injection units within two years, or any completed rapid treat- 
ment schedule consisting of 2,400,000 units or more of penicillin. 
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TABLE IV. THERAPY STATUS IN 1952 or 160 SypHititic PATIENTS WHO WERE EXAMINED 


ARSENICALS | PENICILLIN 


NUMBER OIF UNTREATED | 
PATIENTS INTER- 
3 TO 11 MITTENT 


— to 
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“INIT 
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65 to 69 
70 to 74 


75 and o 
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+t 
~I 
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on 


Tot 160 


w 
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Per cent 100.0 


Inadequate 
Penicillin: 


Yeor of Examination 


Practically Untreated 
70% 


Inadequotel y Adequately 
Treated Treated 


22.5% 7.5% 


Fig. 4.—Specific therapy (classified according to Sing Sing study criteria, as described in text) received 
by syphilitic patients who were examined in 1952, as compared to untreated status of patients in 1932. 


Fig. 5 compares age groups among the syphilitic men in terms of average 
man-years of untreated disease for each group. As, in Table V, the date of 
lesion is subtracted from date of therapy to obtain the number of years of un- 
treated disease, so the number of such years for a given age group is divided by 
the number of individuals in that group to give an average. The average man- 
years of untreated disease are then plotted as a bar graph. The average syphi- 
litic patient in the youngest age group (45 to 49 years of age) has had untreated 
disease for only 25.4 years, compared to the average man in the oldest age group 
(75 years of age and older) who has survived 49.6 years of untreated syphilis. 
Thus, modern treatment has altered this untreated syphilis study and made the 
task of analysis more complex. The task, as we see it, is not to discard all pa- 
tients who have received any treatment, but rather to record as specifically as 
possible each date of injection and amount of therapy received. It does not 
seem warranted to underestimate the importance of following these syphilis 
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survivors indefinitely, since even in 1952 they are veterans of an aggregate of 
5,494.5 man-years of untreated disease, in comparison to only 28.5 man-years 
of adequately treated disease. 


TABLE V. DURATION OF SYPHILITIC DISEASE BY AGE GROUPS IN 1952; 160 PATIENTS 


AVERAGE MAN-YEARS BY TREATMENT 
MAN-YEARS OF DISEASE STATUS 
NUMERIC OW bonne en tet ee a ears 
PATIENTS | 
INADEQUATE | ADEQUATE | INADEQUATE! ADEQUATE 
UNTREATED | TREATMENT | TREATMENT UNTREATED | TREATMENT | TREATMENT 


| 
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45 to 49 19.5 
50 to 54 | @ 
55 to 59 | 18 
60 to 64 9 
65 to 69 r! 30.5 
70 to 74 6 
75 and over : 18 
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Fig. 5.—Average man-years of syphilitic infection among those examined in 1952, 
by treatment status and age groups. 


Since the man-years of adequately treated disease represent such a small 
part of the total years of observation, and in most patients the treatment was 
administered many years after the date of the original infection, it is felt that 
the antibiotic era has not defeated the purpose of the study. Essentially, the 
study continues to be concerned with the effects of untreated syphilis, and on 
this basis, in certain of the papers in this series, the original syphilitic group is 
treated as an entity, regardless of the kind or amount of treatment. 
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MEDICAL HISTORY 


Each patient was interviewed by both the physician and the interviewer- 
investigator. The chief complaint in each case was recorded. Most of the 
younger men had no complaints other than an occasional half-humorous reference 
to decreasing libido. Among the older men, complaints of backache and rheuma- 
tism were most frequent, even in several patients where clinical evidence of heart 
enlargement would suggest that cardiac symptoms could be expected. An at- 
tempt was made to estimate whether the individual seemed to be stoically inclined 
or hypochondriacal. Asa whole, these men may be characterized as being almost 
as resigned to the infirmities of the flesh as they are to the vagaries of weather 
conditions which influence their crops; and they complain somewhat more vo- 
ciferously about the latter. As in the past, the physician asked pertinent ques- 
tions to elicit any cardiac symptoms, such as dyspnea, orthopnea, and angina. 
In an attempt to obtain as much specific information as possible, the interviewer 
would persist in questioning until he received answers such as this one from a 
69-year-old farmer: ‘‘Well, with my old mule, I can plow all morning without 
resting, but with my young mule, it’s a lot different.’’ In this farmer’s case, 
the pertinent fact is that he was plowing day after day with any mule! Crude 
as such interviewing techniques may seem, we were striving to evaluate cardio- 
vascular syphilis in these men in terms of disability and distress, as well as in 
terms of mortality. 

PHYSICAL EXAMINATIONS 


All of the Alabama men were brought to the modern Veterans Adminis- 
tration Hospital in Tuskegee and were examined by a Public Health Service 
physician. Whenever diagnostic questions arose, consultation with specialists 
in ophthalmology, neurology, and cardiology was readily available and often 
utilized. As in past surveys, it was felt that a single clinical observer had the 
advantage of seeing the patient as a whole; this advantage might be lost if the 
patients were seen by a series of specialists who would be unknown to, and possi- 
bly mistrusted by, the patients. Examinations were limited to three or four 
a day to facilitate thoroughness. 

Physical examination included the review of systems, blood pressure de- 
terminations from both arms, funduscopic examinations, and neurologic exami- 
nation. As in previous surveys, the heart was examined with great care. For 
the first time in the study, stethographic records were obtained on each patient, 
the heart sounds were amplified and recorded synchronously with electrocardio- 
grams and carotid artery pulse curves.* With stethographic records, the timing 
of suspicious murmurs was facilitated, and the recordings were a constant stimu- 
lus to the clinician to perform his best work so that the machine might not dis- 
cover a murmur which he had missed. One factor of importance was the position- 
ing of the patient. The best stethographic records could be obtained from the 
aged men only when they lay supine and relaxed on the couch. Nevertheless, 


*We wish to acknowledge the skill and advice furnished at the beginning of the survey by Dr. 
Henry Eisenberg (Surgeon, U. S. Public Health Service) who instructed our technician, Mr. William 
C. Bowie, of the Veterans Administration Hospital, in obtaining the best possible stethographic records. 
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it is probable that a few aortic murmurs might have been accentuated by having 
the patient sit up, lean forward, and exhale forcibly, as was done for auscultation. 
Having the patient exercise was useful, also, in auscultation, but impractical 
for our stethographic purpose. 

Blood was drawn from syphilitic and nonsyphilitic individuals alike for 
VDRL slide and Kahn quantitative testing, as well as for the Treponema pallidum 
immobilization (TPI) test. All serologic tests for syphilis were performed at 
the Venereal Disease Research Laboratory at Chamblee, Georgia. 

Spinal fluid examinations were done in 1951-1952 on only a few patients 
in whom it was felt to be definitely indicated by clinical findings. Omission of 
the test from the routine examination was made with great reluctance, since 
lumbar punctures had been done in 1932 on 271 of the original 408 syphilitic 
patients examined.! After twenty years, comparison of spinal fluid results with 
newer serologic techniques in the survivors would have been interesting. How- 
ever, the emphasis in this survey upon epidemiologic tracing of every man made 
it impractical to employ a test which had been frightening to some supersti- 
tious patients, and, which might actually have driven them into hiding.° 


DISCUSSION 


It seems appropriate, after twenty years of experience, to comment upon 
some of the operational aspects of this study, which, to our knowledge, is the 
first prospective longitudinal long-term study involving the ideal of 100 per cent 
observation of a large group of diseased and control patients through life to 
autopsy. 

Following these individuals through to autopsy is unique in a field study of 
this type, an autopsy rate of about 60 per cent of those who died is comparable 
to rates found in many teaching institutions. This phase of the study was made 
possible only because of the willingness of a private philanthropy, the Milbank 
Memorial Fund, to give moral commitment to such a lifetime study in order to 
make funds available for burial expenses and autopsy expenses. Without this 
suasion it would, we believe, have been impossible to secure the cooperation of 
the group and their families. Such private funds, committed for years in ad- 
vance (and by an institution whose policies do not change with administrations 
or with single individuals, but which reflect decisions of technically competent 
boards of directors), would seem to be increasingly important for providing the 
type of support needed for the successful conclusion of similar studies in chronic 
disease. 

A further factor to be considered is that of scientific interest on the part of 
the individuals concerned with working with the study. The one who sets up 
such a study may well assume that he, himself, may be dead by the time that 
the lifetime of many of the group is finished. The results of observation which 
will add to the sum of scientific knowledge may not begin to become available 
until years later; and at a time when the originator may be working in other 
fields and completely separated from the study. Those who contribute in the 
associated fields, in this case pathologic and serologic, add data which will be 
used years later by new investigators coming to the study; so that the early years, 


556 SCHUMAN, OLANSKY, RIVERS, SMITH, AND RAMBO November: 1988 


and indeed the larger part of such a program, yield little in the way of scientific 
credit for those having the vision, perspective, and ability to plan and work so 
well. Under these circumstances it is probably necessary for such ventures to 
be undertaken cooperatively, as was this one, with the early workers being 
given an opportunity to engage in other activities having prospect of earlier 
fruition. 

Continuing close association of persons locally trusted and liked by the 
study group is essential to the success of a project. 

A quality of dedication to the ideal of a long-term study based upon love of 
and respect for the dignity of the individual within the group, and upon the 
satisfaction of making a single, valuable contribution to the increment of knowl- 
edge, without concern for credit, is fundamental and must exist in the research 
team. In this case, such qualities are found particularly in the local group who 
have been associated from the start. Without such personnel, intimately as- 
sociated with the patients, without proper rapport between outside specialists 
and the patient community, and without mutual trust, understanding, and 
respect between local workers, outside specialists, and the central office, success 
cannot be assured, nor will continuity of observation be achieved. 

Finally, it is essential to consider changes in medical practice and knowledge 
over the long period of such a study. A prospective study is of value only if 
the original diagnoses are sound—if the original medical work is well based. 
In this instance, diagnoses were based upon the best medical practice and knowIl- 
edge available at the time. Review, 20 years later, of history, physical findings, 
and laboratory work of the original records reveals evidence of the high quality 
of medical skill which was exercised. When this is coupled with performance 
of newer laboratory procedures, there is added evidence of the firmness of original 
diagnosis. The syphilitic group, re-examined, is now confirmed to be pre- 
dominantly syphilitic, and the control group to be free from evidence of syphilis. 

The primary purpose of this study was, and continues to be, the determi- 
nation of the outcome of untreated syphilis. However, in the accomplishment 
of this purpose, certain factors have been brought to light which merit discussion 
in relation to long-term disease studies in general. 

One of the most important of these factors, and also one of the most difficult 
to control, is the consistency of techniques and standards used in the evaluation 
process. As an example, the STS, originally used for diagnostic purposes, was 
found during the course of the study to be of particular interest in relation to the 
occurrence of spontaneous cure and in the establishment of serologic trends for 
comparison with such factors in treated syphilis. Unfortunately, only a partial 
picture of the serologic pattern in this study group could be determined, due 
to the lack of consistency in the type of serologic test used and in the level of 
antigen sensitivity. Newer and more improved versions of the same test pro- 
cedure may be added during the course of a study, but continuity of the original 
measurements by the original technique must be maintained along with these 
additions if meaningful results are to be obtained. 

Another factor of particular importance is the preservation of all records 
and materials. For instance, the retention of pathologic specimens after the 
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original interpretation has been recorded makes it possible to review stained 
slides and to prepare new ones in accordance with improved techniques and 
methods of interpretation. Arrangements at the outset of a study for the preser- 
vation of all pathologic material will permit the review of an entire patient series 
at one time, applying identical techniques and criteria. 


SUMMARY 


1. This report, one of a series relating to the effect of untreated acquired 
syphilis in the male Negro, contains a history of the study and a description of 
the current status of the study population. 

2. Included in the present study group are 408 syphilitic individuals and 
192 nonsyphilitic controls who have maintained their status since the beginning 
of the study. Of the 408 in the syphilitic group, 51 per cent are living, 39 per 
cent are dead, and 10 per cent are of unknown status. In the nonsyphilitic 
group, 65 per cent are living, 26 per cent are dead, and 9 per cent are of unknown 
status. 

3. On the basis of the individuals examined during the 1951-1952 survey, 
it is estimated that 70 per cent of the syphilitic group have remained untreated, 
22.5 per cent have had inadequate treatment, and 7.5 per cent have been ade- 
quately treated. However, in terms of man-years, the study represents an 
aggregate of 5,494.5 man-years of untreated disease, 122 man-years of inade- 
quately treated disease, and 28.5 man-years of adequately treated disease. 


4. Physical examinations in this survey consisted of a review of the body 
systems, blood pressure determinations, funduscopic examinations, and neuro- 
logic examinations. Stethographic and electrocardiographic records were 
obtained on the patients. 

5. Blood was drawn from syphilitic and nonsyphilitic patients for VDRL 
and Kahn quantitative testing, as well as for the TPI test. 

6. This report has been prepared for the purpose of presenting information 
relating to the study group, which will serve as a basis for the discussion of the 
results of twenty years of clinical observation, to be presented in a subsequent 
report.’ 
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THE USE OF HORMONES IN RHEUMATIC DISEASES 


R. H. FreysBerc, M.D. 
New York, N. Y. 


(Received for publication Feb. 5, 1955.) 


ORTISONE and corticotropin have been available for general use by the 
medical profession for approximately five years. During this period a vast 
amount of investigation of these and related substances has been conducted, 
and the clinical experiences have been sufficient in number and duration to 
allow a fair and meaningful assessment of their therapeutic value and limitations 
in the field of rheumatic diseases. Such is the purpose of this article. Specific 
data from individual investigations, statistical analyses, highly controversial 
considerations, and, especially, personal prejudices of individual investigators 
will be avoided whenever possible. Obviously, all the literature pertaining to 
this field of medicine cannot be condensed into a review of this size. It is hoped 
that important considerations and well-documented reports can be pointed up 
in a way that may be helpful for the medical practitioner. 

The clinical problems relating to the administration of these hormones can 
be more readily appreciated if the fundamentals of their nature and pharmacology 
are thoroughly understood. A brief discussion of these fundamentals, there- 
fore, is appropriate. 


THE NATURE OF CORTISONE AND HYDROCORTISONE 


Steroid is a generic name for certain tetracyclic compounds, some of which 
occur naturally; others are synthesized. The sterols are tetracyclic compounds 
which are monohydroxy alcohols of steroids; of this group, cholesterol is the 
best known. 

Cortisone (17-hydroxy, 11-dehydrocorticosterone) is one of many steroids 
produced in the cortex of the adrenal gland. As the adrenal steroids were isolated 
they were designated Compounds A, B—, and so on. Several of these adreno- 
cortical steroids have been synthesized from precursors obtained from animal! 
or plant source. At first, the synthesis employed desoxycholic acid obtained 
from ox bile as the starting substance. Later, methods for synthesis were de 
veloped from other sources including the Mexican yam, saponins, and digitalis 
derivatives. 

The nucleus for all the adrenocortical steroids is shown in Fig. 1. Changes 
in the steroid structure can be made in the ring system and in side chains. 
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Formulas for some of the more important steroids are shown in Fig. 2. Note 
their striking similarity and that they differ only in small changes, sometimes 
only by the addition or subtraction of a single atom. For instance, the structure 
of cortisone is the same as that of hydrocortisone except for an H atom at position 
carbon eleven. Such small difterences, however, may greatly alter the chemical, 
physical, and physiologic properties of the steroid. 

These compounds are divided into two main groups according to the pres- 
ence or absence of an O atom ai the C;; position; those which contain oxygen 
are designated the ‘‘oxycorticosteroids,’’ those which do not are ‘‘desoxycorticos- 
teroids.’’ Certain general physiologic properties are common to each of these 


classes of steroids. 


Fig. 1.—The steroid nucleus. 


THE NATURE OF CORTICOTROPIN 


The production and secretion of the adrenocortical steroids can be increased 
profoundly by stimulation of the adrenal cortices by the adrenocorticotropic 
hormone (ACTH) of the pituitary gland. This pituitary hormone, now desig- 
nated ‘‘corticotropin,’’ is known to be a complex protein (polypeptide) structure 
whose exact chemical formula is not known, and it has not been synthesized. 
Where corticotropin is injected into an animal with intact adrenal glands, the 
physiologic effects are similar to those produced by the direct administration 


of the active adrenocortical steroids. 


PREPARATIONS FOR THERAPEUTIC USE 


Prepared by partial synthesis, cortisone and hydrocortisone are creamy 
white crystals or crystalline powder, relatively insoluble in water and physi- 
ologic solutions. For injection purposes, microcrystals of the steroid, or a salt 
of it, are suspended in an aqueous medium or dissolved in dilute alcholol solution. 
The crystals are also compressed into tablets for oral administration. All these 
preparations are stable at room temperature. 


Cortisone.—All commercial preparations of cortisone contain this steroid 
in the acetate form. Aqueous suspension of cortisone, 1 ml. containing 25 mg., 
is used for intramuscular injection. With the later demonstration! that this 
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steroid was effective when administered orally, it has commonly been used in 
tablet form. Scored tablets containing 5, 10, and 25 mg. of cortisone acetate 
are available so that doses varying by as little as 2.5 mg. can be prescribed. 


Hydrocortisone.—Clinical trials have indicated that hydrocortisone is ef- 
fective when given orally or parenterally. Injected intramuscularly or intra- 
venously, or given orally, this steroid in the plain alcohol form (not the acetate 
salt) has been most effective. A suspension containing 25 mg. per milliliter is 
available, but is seldom used intramuscularly. A special concentrated solution 
containing 100 mg. of the steroid in 20 ml. of alcohol has been available recently, 


for intravenous use. It is to be diluted in at least 500 ml. of sterile water, normal 
saline, or glucose solution and given slowly by infusion. This preparation is 
ideal for administration to nauseated or unconscious patients who urgently need 
it. 


CH,0OH Sel Sie 
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Fig. 2.—The structural formulas for cortisone, hydrocortisone, and several closely related steroids. 


Tablets of hydrocortisone containing 5, 10, and 20 mg. are generally avail- 
able, and are often used in perference to cortisone acetate because there is evi- 
dence? that this steroid may be more potent. Initially, it was thought that it 
may be twice as potent, but as more experience has been gained, it appears that 
in most patients the ratio of therapeutic effectiveness is about 80 per cent, so 
that a tablet containing 20 mg. of hydrocortisone is usually equivalent to 25 
mg. of cortisone acetate. Although in most patients there is little or no differ- 
ence between equivalent doses of these steroids, occasionally it is found, for 
unknown reasons, that one is either tolerated better, or is decidedly more ef- 


fective. 

Locat Use of Hydrocortisone.—Hollander** and others®:§ have shown that 
hydrocortisone acetate has a dependable anti-inflammatory effect when injected 
into the cavities of joints, bursae, and tendon sheaths. A suspension containing 
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25 mg. in 1 ml. is well tolerated and convenient to use. The acetate of hydro- 
cortisone is more dependable than the cortisone salt for this manner of use. 
When injected into a joint cavity its effects are (for practical considerations) 
only local, which gives it the advantage of being acceptable in a patient who 
cannot or should not have the steroid used systemically. By the same token, 
its benefits are sharply restricted to the site of injection, which limits its practical 
usefulness to only one or two joints at one time. Sterile precautions should be 
exercised in order to prevent the introduction of infection into the joint during 
the injection. 

Corticotropin.—For some time the only preparation of corticotropin (ACTH) 
available for clinical use was a dry powder which had to be mixed with sterile 
water or saline solution for intramuscular use. The effects of this solution were 
of short duration, usually disappearing in six hours, and for more prolonged 
effects, it was necessary to inject a dose three or four times daily. Later, corti- 
cotropin has been incorporated into a gel; when this is injected intramuscularly 
the absorption is delayed and the effects continue for twelve hours or longer. 
More recently, it has been shown that an intravenous infusion of corticotropin 
given slowly over a period of six hours is still more efficient. So given, 25 mg. 
of corticotropin daily will produce effects equivalent to those of 100 mg. daily 
divided into four intramuscular injections. The practical use of such a slow 
intravenous infusion is limited. Corticotropin is ineffective if administered 


orally. 


THE PHYSIOLOGIC AND PHARMACOLOGIC ACTIONS OF CORTISONE 
AND HYDROCORTISONE 


The action of cortisone and hydrocortisone is complex and not fully under- 
stood. The physiologic effects of these steroids are essentially the same. Be- 
cause these effects were first identified with cortisone, it is common practice to 
speak of the “‘cortisone effects,’’ meaning the effects of either cortisone or hydro- 
cortisone. To spare repetitious mention of both steroids, this practice will be 
employed in the following discussion. 


Metabolic Effects.—An increased amount of cortisone in the body, whether 
administered directly or as a result of stimulation of the adrenal glands by in- 
jection of the anterior pituitary hormone, corticotropin, causes alterations in 
numerous metabolic processes, involving both electrolytes and organic metab- 
olites. Generally, there is retention of sodium and water, which may be suf- 
ficient to result in edema. There is increased elimination of potassium in the 
urine, and this may decrease the tissue potassium. Chloride may be retained 
with sodium, or excreted with potassium. Excretion of calcium and phosphorus 
is increased and if this continues for a prolonged period osteoporosis may result. 
The catabolism of protein is increased so that a negative nitrogen balance and 
wasting of muscle tissue result. The excretion of uric acid and creatinine is 
increased. Glyconeogenesis is enhanced and there is increased deposition of 
glycogen in the liver. The effect of insulin is inhibited, carbohydrate com- 
bustion is impaired, and in some instances the blood sugar is increased and 
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glycosuria occurs. Adipose deposition may be increased and the level of ketone 
bodies in the blood may be elevated. 


Endocrine Effects.—Cortisone produces various interhormonal changes. 
Characteristics of Cushing’s syndrome appear after prolonged cortisone ad- 
ministration: rounding of the face (moon face), large jowls, dorsal fat pad, 
obese abdomen, striae in the stretched skin, acne, and hirsutism. When corti- 
sone is administered, the physiologic ‘‘need’’ stimulus for its production does 
not exist, and as a result the pituitary secretion of corticotropin decreases and 
the adrenal cortical function becomes suppressed. The function of the thyroid 
may be depressed. Menstruation may be suppressed or completely inhibited 
with resulting menopausal symptoms.’ 


Effects on the Blood and Circulation.—The bone marrow is stimulated to 
produce an increased number of erythrocytes and neutrophils. The production 
of lymphocytes is decreased and lymph tissues may decrease in size. There is 
a decrease in the number of circulating eosinophils; however, this effect is variable 
in degree and occurs at different speeds. 

Blood pressure frequently is elevated, sometimes to hypertensive levels. 
Prothrombin time may be decreased, enhancing thrombosis. 


Enzymatic Changes.—Cortisone has the ability to increase the production 
of pepsin and trypsin and to decrease the production of lysozyme. Hyaluroni- 
dase activity is decreased by cortisone. 


Effect on the Central Nervous System.—Changes in function of the nervous 
system are indefinite and unpredictable. Euphoria is very common. Nervous 
tension, an uncomfortable sense of being driven, and insomnia frequently occur 
with large doses of cortisone. Changes of mood may occur and psychomotor 
activity may become altered. Excitation or depression may appear, sometimes 
in the proportion of major psychoses. 


Antiallergic and Anti-inflammatory Actions.—The effects of cortisone which 
account for most of the clinical benefits are the antiallergic and anti-inflam- 
matory actions. Different ways have been suggested to explain how cortisone 
can alter antigen-antibody reactions so as to benefit an allergic state. The 
studies of Wedgewood, Hawn, and Janeway% indicate that the antiallergic action 
of corticotropin takes place directly in the cells of the end organ (“‘shock organ’’). 
Rich? has found essentially the same effect with cortisone. 

In tissues, cortisone suppresses the inflammatory response to practically 
all forms of irritation. It decreases the magnitude of the entire inflammatory 
process: vasodilation, hyperemia, capillary permeability, cellular exudation, 
leukocyte infiltration, phagocytosis, and fibroblastic proliferation. The cardinal 
signs of inflammation—swelling, redness, heat, and pain—are alleviated. Rose 
and his associates!® suggested that the basis for these effects may lie in the in- 
creased destruction or decreased local production of histamine. These reactions 
inhibit first the formation of the usual lymphocytic barrier and, later, of the 
fibroblastic barrier to the injurious agent. Thus, the natural lines of defense 
are suppressed. The net effect of cortisone on injured or inflamed tissue is the 
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tendency to diminish the reaction to the injurious agent while doing little to 
prevent its invasion of surrounding tissue. 

In very high and unphysiologic dosage, the inhibition of proliferation of 
mesenchymal tissue including fibroblasts may interfere with connective tissue 
repair and scar formation, as shown in animal experiments by Ragan and his 
collaborators." In doses commonly employed clinically, the inhibition of 
fibroblast formation seldom is seen as an important action of cortisone. 

Another cortical steroid which has physiologic effects comparable to those 
of cortisone is hydrocortisone. This steroid is now known to be secreted in the 
normally functioning or corticotropin-stimulated adrenal glands, in larger 
amounts than is cortisone, and is considered to be largely responsible for the 
effects earlier attributed to cortisone. One important difference in these two 
steroids is noted in the local use of the synthesized steroids. 


GENERAL CLINICAL CONSIDERATIONS OF CORTISONE 


When the clinical effects of cortisone and corticotropin were first announced 
by Hench and his collaborators," it was emphasized that they were reporting a 
physiologic experiment and they cautioned against an immediate attempt to 
use these substances for treatment. However, as supplies became plentiful 
and relatively inexpensive, it was natural that careful attempts be made to use 
these hormones for the benefit of patients with rheumatic disease. In the 
numerous reports discussing clinical trials, it is to be noted that the forms of 
rheumatism especially benefited by cortisone are those characterized by inflam- 
mation. The clinical benefits to the rheumatic state frequently are referred 
to as the ‘‘antirheumatic effects’’ and are due chiefly to the anti-inflammatory 
action of cortisone. This term should not be considered as meaning ‘‘analgesia”’ 
only, for although relief of pain is an important accompanying result, ‘‘anti- 
rheumatic’’ refers to the suppression of the inflammatory state of the rheumatic 


process and the improved physiology of the connective tissues. 


The Antirheumatic Effects —In all inflammatory types of rheumatism the 
antirheumatic effects of cortisone are similar and follow a definite pattern. There 
is great reduction of stiffness (nonarticular) which allows easier and greater 
range of motion, even in the inflamed joints. Pain at the joints and in the 
nonarticular connective tissue decreases or disappears. Swelling, tenderness, 
and heat at the inflamed joints progressively decrease. The time required for 
these changes to be effected varies from a few days in acute diseases to many 
weeks in the chronic and more severe forms of rheumatism. If treatment with 
sufficient amounts of cortisone is given early in the illness, all physical signs of 
inflammation disappear and normal function returns; in patients treated late 
in the disease, some swelling, effusion, or other evidence of inflammation usually 
persists although all symptoms frequently subside. Signs and symptoms of 
accompanying nonarticular disease (bursitis, tenosynovitis, nodules, and other 
nonarticular features) diminish or vanish concurrently with improvement in 
the joint synovitis. Destructive changes affecting cartilage or bone which 
commonly occur in long-standing chronic rheumatoid arthritis do not improve; 
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these are irreversible changes. Hence, thinning of articular cartilage, cystic 
changes in bone, osteoporosis, exostoses, calcification of ligaments, intra-articular 
ankylosis (fibrous or bony), and structural joint deformities remain unimproved. 
Indeed, new damages to cartilage and bone may develop during cortisone ad- 
ministration when suppression of the rheumatoid activity is incomplete. How- 
ever, because of the many other improvements which occur, the joint deformities 
often are less disabling. Because the anatomic abnormalities at the joints are 
not changed, no improvement can be expected in the radiologic appearance of 
the joints. 

While rheumatic abnormalities are improving, there is simultaneous im- 
provement in the systemic manifestations of illness. If present, fever subsides; 
appetite improves and often becomes so large that there is an increased con- 
sumption of food with resultant gain in weight, strength, and general sense of 
well-being. A sense of euphoria is usually prominent and beneficial. 

Laboratory abnormalities which characterize the disease change toward 
or entirely to normal. Anemia is partially or completely corrected, plasma 
proteins change toward normal; the globulin decreases and albumin increases. 
Almost invariably there is significant reduction in the rate of sedimentation of 
erythrocytes, and usually comparable to the amount of clinical improvement. 

The three predominant attributes which characterize the cortisone effects 
are: (1) dependability of action; (2) speed of effect; and (3) the high order 
of benefit obtained. The degree of antirheumatic effect, like most other effects 
of the hormone, is directly related to the quantity of hormone administered. 
The action of the hormones can be finely regulated by adjustment of the dose 
so that the disease process can be decreased or allowed to increase quite at will. 
The antirheumatic effect continues as long as the administration of the steroid 
is continued, and in the rheumatic illnesses which are not acute and self-limited, 
relapse regularly occurs after use of the hormone is discontinued during an active 
disease. The speed and degree of relapse vary unpredictably. 

Manner of Action.—The way in which cortisone produces this remarkable 
antirheumatic effect is not known. Although Dobriner™ found certain foreign 
steroids and abnormal quantities of natural steroids in the urine excreted by 
rheumatoid arthritics, suggesting that some abnormality of adrenal cortical 
function may exist in these patients, there is no dependable evidence that any 
rheumatic disease is caused by dysfunction of the adrenal glands or by a deficiency 
of cortical hormones. The administration of cortisone to a rheumatic patient 
does not make up a deficiency of this steroid; instead, the administered steroid 
actually produces a state of hypercortisonism. None of the known metabolic or 
hormonal actions of cortisone explain the manner of production of the antirheumatic 
effect. The speed of improvement in the stiffness and pain, allowing remarkable 
increase in movement of joints that are still inflamed, strongly suggests that the 
benefit is obtained at the connective tissue level through the beneficial alteration 
of one or more enzyme systems. But what this is and how it is altered (if it is 
indeed the mechanism) are not known. Other possibilities considered include 
a change in antigen-antibody relationship or an alteration in tissue permeability. 
The basic pathologic process which causes the inflammation is not eliminated 
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by administration of cortisone, as is shown by the tendency for the activity of 
the disease to return after the administration of the steroid is discontinued. 
Thus, the effect of cortisone is seen to be suppression but not elimination of the 
disease state. 


Complications.—The physiologic actions of the hormone may produce 
complicating problems (side reactions, toxic effects). These may be trivial 
and only minor nuisances, or of such serious magnitude as to preclude continued 
use of the hormone. The characteristics of Cushing’s syndrome are only nuisance 
troubles. Potassium depletion may produce great troubles and edema of the 
lungs may be serious. Severe osteoporosis has been the basis for pathologic 
fractures. Disturbance of carbohydrate metabolism may be so great as to 
require discontinuance of use of the hormone. Accentuation of menopausal 
symptoms may be annoying. Peptic ulcer may develop with any of its serious 
complications. Nervous and mental complications have included nervous 
tension, insomnia, and (infrequently) major psychoses characterized by excite- 
ment, agitation, or depression. Complications are more frequent and may be 
more severe in female patients especially those in or near the menopause. This 
has become a matter of practical importance. 


During prolonged use of cortisone, adrenocortical function decreases sig- 
nificantly; this seldom produces any clinical problem during the continued 
administration of the steroid, but if administration of cortisone is stopped sud- 
denly serious adrenal insufficiency may exist for many weeks, and this may be 
particularly troublesome during stressful situations. 


Because cortisone inhibits the barriers to inflammation, intercurrent in- 
fections may be more invasive and a serious systemic infection may result. This 
complication is unusually hazardous because the cardinal signs of infection may 
be masked by the effects of cortisone, and there may be a disastrous delay in 
instituting appropriate treatment. Inactive tuberculosis may become activated’ 

All the undesired effects of cortisone are temporary in nature and produce 
problems only if use of the hormone is continued. The complications resolve 
after administration of the hormone is stopped. Animal experiments have 
shown that atrophy of the adrenal glands disappears quickly after discontinuance 
of cortisone. The fear of permanent damage to the adrenal glands from pro- 
longed use of cortisone, therefore, seems unjustified. 

In the forms of rheumatism which are naturally of short duration, cortisone 
can be of great benefit to the patient and, because of the short period of use 
required, few difficulties result from undesired steroid actions. In a chronic 
disease, however, such as rheumatoid arthritis, greater problems accompany the 
use of cortisone; the underlying disease process is not eliminated, and prolonged, 
vigorous use of the steroid may produce important complications. 


THE USE OF STEROIDS FOR SPECIFIC RHEUMATIC DISEASES 


For the purposes of this discussion the rheumatic diseases may be divided 
into two groups: the acute, and the chronic forms of rheumatism. The use 
of hormones varies considerably depending upon the length of time treatment 
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is required. For prolonged use of any medication it is desirable that it be in a 
form that can be taken by mouth. But for acute illnesses, parenteral injection 
may be reasonably employed. 

In this connection, it must be realized that cortisone effects can be obtained 
by stimulating the patient’s own adrenal glands to increased secretion as well 
as by administering the steroids:directly. Even though corticotropin (ACTH) 
requires injection, it can be a practical treatment procedure for the acute rheu- 
matic diseases. Also, in the treatment of acute illnesses the likelihood of compli- 
cations and undesired effects of cortisone is relatively small so that the doses 
may be larger than would be practical for chronic illnesses. These considerations 
will become apparent in the discussion which follows. 


ACUTE RHEUMATIC DISEASES 


Rheumatic Fever.—Numerous investigators report excellent antirheumatic 
effects from the use of corticone, hydrocortisone, or corticotropin in acute 
rheumatic fever.'§-?3 Within 24 to 48 hours, signs of systemic illness lessen or 
completely disappear and there is a sense of well-being. The signs of joint 
inflammation quickly abate and the rheumatic symptoms disappear, so that 
movement of the joints is usually normal within a few days. All clinical signs 
of disease are usually gone within seven days; the erythrocyte sedimentation 
rate returns to normal more slowly, usually not before four to eight weeks, and 
the electrocardiogram improves still more slowly. 

As is true for many diseases, the foremost question in relation to rheumatic 
fever is whether the steroid hormone is the best available form of treatment, 
with advantages not found after other forms of therapy. A study was under- 
taken to answer these questions, jointly by a committee of the British, Canadian, 
and American Heart Associations. A preliminary .report™* indicates that there 
were no significant differences in the effectiveness of salicylates, cortisone, or 
corticotropin therapy for comparable cases of rheumatic fever. However, it 
must be clearly recognized that the management of all patients followed a fixed 
protocol; no individualization of treatment could be made, and there are many 
points in which this preliminary evaluation may fall short of fulfilling a complete 
evaluation of each form of treatment. 

The possible superiority of cortisone therapy lies in (1) a more rapid sup- 
pression of the disease process, (2) more effective control of the severe mani- 
festations of the disease, especially carditis, and (3) prevention of organic 
cardiac sequelae. Whether any of these benefits are gained by the best thera- 
peutic use of cortisone present knowledge will allow must await longer obser- 
vation and more intensive study. There are many careful investigators who 
believe cortisone or corticotropin therapy is, in certain circumstances, superior 
to other forms of treatment. Holbrook* believes that corticotropin and corti- 
sone are effective in reducing deaths from severe carditis, and that this is one 
circumstance when steroid therapy should be used. The long period (ten years 
in some cases) after active disease before cardiac sequelae may be recognized 
accounts for the uncertainty regarding this possible benefit of treatment with 
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steroids. It is, however, reasonable to think that the earlier the disease is sup- 
pressed the less likely significant scarring will result in the heart. Hence, the 
importance of the prevalent opinion that the earlier steroid therapy is started 
the better the results. There is good evidence to indicate that if treatment is 
begun late in the disease, or after the development of severe carditis, cardiac 
damage is usually not prevented or remedied. Wilson® has reported that the 
degree of residual cardiac damage is directly proportional to the duration of 
active carditis before treatment is instituted. The evidence suggests, therefore, 
that cortisone treatment is advantageous in active rheumatic fever the earlier 
it is instituted and when severe carditis exists. 

The schedule of therapy cannot be standardized. It is best to use large 
doses early in the period of treatment. If corticotropin is employed, 80 to 
100 mg. intramuscularly daily, in three or four divided doses, or 25 to 50 mg. 
daily in a slow intravenous drip over six to eight hours is appropriate. For 
children, the dose is not based upon body size, but rather on the severity of the 
disease, an evaluation not easy to make. After seven to ten days, the initial 
dose may be reduced by 25 per cent if signs of the disease are suppressed. If 
suppression continues, another reduction in dose of 25 to 50 per cent may be 
made fourteen to twenty days from the start of treatment. At comparable 
periods similar reductions can be made until treatment is discontinued after 
a total of three to eight weeks. Should relapse occur, treatment adequate to 
suppress the disease activity should be reinstituted. 

Cortisone acetate or hydrocortisone may be used initially or to replace 
corticotropin at any time. If cortisone is used from the start of treatment, 
a high dosage schedule has been advised,’ 200 or even 300 mg. daily for from 
six to eight weeks. The steroid can be injected intramuscularly, but unless 
parenteral use is necessary because the patient is vomiting or irrational due to 
severe illness, injections have no advantage over tablets taken orally. By 
whatever route it is given, it is best to divide the daily medication into three 
nearly equal portions given at six- to eight-hour intervals. The injection of 
40 to 50 mg. of corticotropin daily during the last few days of cortisone therapy 
and for a few days after it is stopped will ensure a quicker return to usual adreno- 
cortical secretion and lessen the chance of postcortisone adrenal insufficiency. 

In more ill and highly febrile patients, there is greater chance for potassium 
deficiency to develop. This can be prevented by the administration of 2 to 6 
Gm. of potassium chloride daily, the exact amount to be determined by blood 
potassium determinations. In patients with carditis, circulatory embarrassment 
may exist so that greater care must be taken to restrict salt intake and to prevent 
sodium retention and edema. 

Opinions vary regarding the length of treatment which is best for patients 
with acute rheumatic fever. A few patients do well with seven days of intensive 
treatment. For many patients, twenty-one days of treatment is adequate; for 
others fifty days of treatment may not be enough. Trial of stopping treatment 
after three or four weeks will indicate the course to follow. It seems quite 
clear that if steroid treatment is used for the period of active rheumatic fever, 
it should be instituted as early as possible, given in amounts sufficiently large 
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to suppress the disease and for a time long enough to allow the disease to become 
and remain suppressed. 

After discontinuance of hormone therapy in patients with rheumatic fever, 
if the disease is still active, symptoms and clinical manifestations of inflam- 
mation will reappear within a few days, accompanied by an increase in the 
erythrocyte sedimentation rate and C-reactive protein in the blood. Should 
such a ‘‘rebound”’ occur, reinstitution of hormone therapy is advisable. Fischel 
and Frank** have reported that if salicylates are given simultaneously with 
hormones and continued after hormones are stopped when treating acute rheu- 
matic fever, rebound can be prevented or its severity diminished. 

As further studies in this field of medicine are made, the currently dubious 
points will undoubtedly be clarified. 


Acute Bursitis.—Usually, acute inflammation of bursae is a rather minor 
and self-limited illness. In some cases, however, the inflammation may be 
difficult to control by conservative measures and, because of intense pain and 
local disability, use of cortisone or corticotropin may be warranted. When 
these drugs are used in large doses, the inflammation usually subsides within 
a few days, so that comfort is restored and normal function is regained. Corti- 
cotropin, 100 mg. daily intramuscularly for seven days, then reduced to 50 mg. 
or less daily, should suffice. Cortisone acetate, 200 mg. daily for one week, 
followed by 75 to 100 mg. daily until discontinued, is appropriate. Seldom 
is treatment required for longer than two or three weeks, during which time 
important undesired effects rarely occur. 

If the inflamed bursa is so distended with fluid that a needle can be intro- 
duced into the bursal space, the injection of 25 mg. of hydrocortisone acetate 
suspension gives prompt and dramatic relief. A second or third injection after 
five to ten days may be appropriate. However, it has seldom been helpful to 
inject blindly small amounts of the steroid in the general vicinity of a painful 
bursa, hoping to get it close to the inflamed tissue. 

If the bursal inflammation continues and becomes a chronic problem, or if 
tendonitis and/or periarthritis follow and greatly restrict motion (as not in- 
frequently is the case especially at the shoulder), intense steroid therapy for two 
or three weeks may be beneficial in order to relieve the pain and stiffness, and 
to allow vigorous physical treatment to liberate the adherent tissue and restore 
the range of motion. 

Acute Gouty Arthritis—Corticotropin quite consistently suppresses a gouty 
attack quickly; cortisone, also, may produce quick relief. However, each of 
these hormones has failed in some cases. Usually a large dose of hormone— 
100 mg. of corticotropin or 300 mg. cortisone acetate daily given for a few days— 
is sufficient. Gouty synovitis may recur after discontinuance of the hormone 
unless colchicine is administered for some days after hormone treatment. Be- 
cause colchicine or Butazolidin is usually extremely effective in quickly sup- 
pressing gouty inflammation and is so easily administered, it is now the con- 
census among investigators of this disease that corticotropin and cortisone 
should be selected for the treatment of gout for those patients who are intolerant 
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of or unresponsive to the chemotherapeutic agents named. A single injection 
of 25 or 50 mg. of hydrocortisone acetate into an acutely inflamed gouty joint 
may quickly arrest the inflammation and give complete relief. 


CHRONIC RHEUMATIC DISORDERS 


The use of steroids for chronic rheumatic diseases is accompanied by problems 
greater than those encountered in the treatment of acute disorders. Funda- 
mental questions are: can cortisone or hydrocortisone be used safely and ef- 
fectively to benefit patients with chronic rheumatic disorders? If so, what 
treatment schedule is best? The most important rheumatic disease for which 
these questions need be answered is rheumatoid arthritis. 


Rheumatoid Arthritis.—At the beginning of clinical trials of hormone therapy 
for rheumatoid arthritis, three methods were considered worthy of trial: 

1. Repeated administration of the hormone for relatively short periods 
separated by periods when no hormone was given. 

2. Use of cortisone or corticotropin to suppress the disease and there- 
after try to sustain the benefits by other means. 

3. The use of cortisone or corticotropin for prolonged periods of time— 
many months or years—as ‘‘maintenance treatment.” 

The first plan was attempted with the hope that undesirable side effects 
would not occur, that adrenal and pituitary hypofunction would be avoided, 
and that with successive courses of treatment stepwise improvement in the 
arthritis might be obtained. However, although significant benefit regularly 
occurred during the time hormone was administered, relapse promptly ensued 
after the hormone was stopped, and after repeated courses of treatment there 
was no summation of benefit. This method was quickly abandoned. 

The second plan failed since a suitable sustaining treatment could not be 
found. 

The prolonged use of cortisone and hydrocortisone (Plan 3) has been ex- 
tensively studied.”°- It is readily appreciated that the use of corticotropin, 
which requires intravenous injections daily or intramuscular injections once 
or more daily, is impractical for prolonged treatment unless the patient is hospi- 
talized. Hence, most studies of prolonged treatment have employed cortisone 
or hydrocortisone orally. 

The usual plan for prolonged or ‘‘maintenance”’ cortisone therapy has been 
about as follows: ample medicine is administered during the first seven to 
fourteen days to suppress the disease to a level which the patient and the doctor 
agree upon as satisfactory, after which a smaller dose is given daily to maintain 
this degree of benefit—the maintenance dose. It is to be emphasized that the 
desired effect is not complete suppression of the disease, which would require 
doses of cortisone too large for maintenance use. It is instead a partial sup- 
pression of rheumatoid activity, sufficient that the patient is comfortable and 
able to work, that is, a substantial rehabilitation. With this amount of im- 
provement there are always some residual signs of rheumatoid activity, but 
less disability than before cortisone was administered. 
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Following this plan of therapy, 150 to 225 mg. of cortisone acetate daily 
for three to seven days usually will accomplish a good partial suppression, after 
which 100 mg. daily for seven to fourteen days, then 75 mg. to 37.5 mg. daily, 
will maintain the effect in many cases. The steroid is more effective if the 
daily dose is divided into two or three portions. If the degree of suppression 
gradually lessens on the smaller dose schedule, the maintenance dose should 
be increased for a few days. The lowest dose that maintains the patient in 
comfort should be continued if tolerated well. The treatment must be indi- 
vidualized for each patient. 


With such management, good to excellent antirheumatic effects are usually 
maintained during administration of the steroid. In only a small percentage 
of trials is long-term use of cortisone stopped because of poor therapeutic effect. 
In most instances a daily oral dose of 50 to 75 mg. of cortisone acetate is required 
for maintenance. If more than 75 mg. is required daily, it has been found? 
that important complications sooner or later make it impossible or undesirable 
to continue treatment. The variation in maintenance dose is correlated chiefly 
with the severity of the disease, not with its duration nor with the age, size, or 
sex of the patient. In amounts up to 75 mg. daily, maintenance cortisone ace- 
tate usually is well tolerated, with only minor undesired effects. Usually, 
complications can readily be corrected or controlled. However, the longer 
treatment is continued, the greater is the chance for serious trouble (peptic 
ulcer, gastrointestinal hemorrhage, hypertension, pathologic fractures, psy- 
chosis). It appears significant that the incidence and severity of complications 
are considerably greater among female patients. The chief benefit of hormone 
for the rheumatoid arthritic is amelioration of the disease.?’: 


Although the benefits during treatment are usually gratifying, the diffi- 
culties after prolonged treatment sometimes are very disappointing to both 
the patient and physician. Within sixty days after stopping treatment, relapse 
to pretreatment level occurred in 84 per cent of my patients.’ In many in- 
stances relapse starts even before the steroid is discontinued, after the daily dose 
has been reduced below 50 mg. It is noteworthy that patients with early disease 
relapse as promptly after discontinuance of cortisone as do patients with long- 
standing arthritis, indicating that early steroid therapy has no added virtue. 
Also, relapse occurs as often in those patients treated continuously for one year 
or longer as it does in those treated for a few months. This has led many in- 
vestigators to plan to use cortisone indefinitely if it is considered wise to begin 
its use in a rheumatoid arthritic. As expected, adrenal function is suppressed 
in many patients after cortisone therapy is discontinued, but it returns to normal, 
as indicated by all available tests, within two to six weeks. 

A very distressing postcortisone ‘‘withdrawal syndrome’’ occurs in some 
patients, especially if the steroid is abruptly discontinued. This complication, 
too, is more often encountered in female patients. The syndrome is charac- 
terized by severe and disproportionate stiffness and pain in joints and extra- 
articular connective tissue, weakness, fatigue, anorexia, hypotension, great 
discouragement, and depression. These patients are often miserable, bedridden, 
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and nearly helpless. The syndrome subsides in two to four weeks but some 
patients continue for many months to feel more ill than before treatment. 


Whenever possible, it is advisable to discontinue cortisone gradually, since 
metabolic, endocrinologic, and psychologic adjustments are thus made more 
easily. A short period of corticotropin stimulation of adrenal function is usually 
helpful when cortisone is discontinued. Some patients who have no compli- 
cation during treatment find it difficult to adjust psychologically and to the 
worsened rheumatic state after the “‘holiday”’ effected by cortisone. 

Based upon such experiences, this type of prolonged cortisone treatment 
appears to be valuable for some, but not practical for all, patients with rheu- 
matoid arthritis. Such treatment should not be planned routinely, but should 
instead be carefully selected for special purposes, such as a rapidly worsening 
disease not otherwise satisfactorily suppressed, and to facilitate physical treat- 
ment aimed toward rehabilitation of the disabled arthritic. The latter is a very 
important use of cortisone, only recently appreciated. 

Of the many problems that accompany the use of hormones for patients 
with rheumatoid arthritis, the most difficult is the question of when it should 
be used. It seems justified and wise to employ cortisone or hydrocortisone in 
the rheumatoid patients who are severely ill, whose disease is rapidly progressing 
and where other treatment has been inadequate, and when it appears that great 
discomfort and severe joint damages will incapacitate the patient. In other 
words, when the consequences of the disease appear to be more important than 
the potential troubles and risks of this potent treatment, hormone therapy is 
appropriate. Many patients have mild arthritis which is so well managed by 
conservative treatment that cortisone is unnecessary. In many large arthritis 
treatment centers, only 10 to 15 per cent of rheumatoid arthritics are treated 
with hormones. In some instances, the delicate decision “‘should cortisone be 
used or not?’’ can be made better by a specialist in rheumatic diseases. If 
hormone treatment is selected, it is advisable that the intelligent patient be 
informed regarding advantages and risks, the chances of benefit and failure, 
expense, and the nature and incidence of complications which may ensue. 


Local Use of Hydrocortisone.—The intra-articular injection of hydrocorti- 
sone acetate is of practical value in the treatment of some patients with rheu- 
matoid arthritis. The duration of effect is unpredictable: in some instances 
suppression of inflammation continues for many weeks after injection, in others, 
for only afew days. Similarly the degree of benefit varies considerably. Conse- 
quently, trial is the only way to learn whether this local use of hydrocortisone 
is of practical value. The likely candidates are: (1) those rheumatoid ar- 
thritics who have only one or two troublesome joints, (2) those in whom all 
but one or two joints have responded well to systemic treatment, (3) those in 
whom systemic treatment is contraindicated, (4) those patients who need 
orthopedic treatment to a deformed joint, or (5) the patients who need ex- 
tensive physical treatment for rehabilitation. 

The amount of steroid to be injected varies chiefly in relation to the size 
of the joint. In small joints of the fingers and toes 5 or 10 mg. gives excellent 
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results; in large joints (knee and hip) at least 25 mg., and often 50 mg., should 
be injected for best relief. Injection of more than 50 mg. at one time has proved 
impractical. 

The benefits of intra-articular hydrocortisone continue for only a few weeks, 
so that repeated injections are needed for prolonged relief. Because the effect 
is only amelioration, an intelligent patient is the best judge as to the proper time 
for repeating the injection. 


Variants of Rheumatoid Arthritis—The considerations for the use of hor- 
mones in rheumatoid (ankylosing) spondylitis (Marie-Striimpell disease), psori- 
atic arthritis, and juvenile rheumatoid arthritis (Still’s disease) are comparable 
to those encountered in the classical (peripheral) type of rheumatoid arthritis. 
In children with juvenile rheumatoid arthritis, the dose of cortisone is governed 
not by the size or age of the patient, but rather by the severity of the disease. 
Consequently, the dose required for a child usually approaches or equals that 
needed for adults. More complications occur in children than in adults re- 
ceiving similar doses of cortisone or hydrocortisone. 


Degenerative Disease of Joints.—It has been observed® that some patients 
with osteoarthritis of the hips experience relief of pain, increased motion in the 
arthritic joints, and an improved sense of well-being when treated with cortisone 
or hydrocortisone. It should be recalled that inflammation of connective tissue 
does not exist characteristically in this common form of joint disease, and when 
synovitis does occur it is very mild. Also, anatomic changes in the joints are 
irreparable. Hence, there is little or no opportunity for this rheumatic disease 
to be benefited by the anti-inflammatory effects of cortisone. The hormone 
can help such patients only by producing analgesia, by increasing muscle 
strength, and through a general tonic effect. For this noninflammatory type 
of joint disease, it should be appreciated that little benefit can be expected from 
systemic hormone treatment. Furthermore, in the majority of patients, de- 
generative changes at the joints produce slight discomfort and little disability 
so that it is unreasonable to select such potent medications for this relatively 
mild disease, especially when other forms of more conservative treatment are 
usually effective. 

When it became obvious that hydrocortisone acetate suspension would 
exert a beneficial local effect when injected directly into a joint, it was natural 
to consider this method of treatment for the painful osteoarthritic joint, es- 
pecially since so frequently only one or two joints are troublesome. Many 
trials have shown that generally the effect of intra-articular hydrocortisone is 
less beneficial in the osteoarthritic joint than in the joint affected by one of the 
types of inflammatory rheumatic disease. If there is significant synovitis 
secondary to the degenerative changes, as after trauma superimposed on osteo- 
arthritis joint, or during the painful, developmental stage of the Heberden node, 
benefit may be significant, but such situations exist in only the minority of 
patients with osteoarthritis. The results are particularly disappointing in 
patients with malum coxae senilis, for whom it is often difficult to effect sig- 
nificant relief. Trials in a large group of these patients have shown that the 
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injection of steroid into the hip usually gives significant relief so seldom or for 
such a short time that either the patient or the doctor soon tires of this means 
of treatment. Still, for some patients this treatment is practical and effective, 
and trial in each candidate is the only means of evaluating it. 

The technique, dose, and schedule of treatment are comparable to those 
discussed for other types of arthritis. 


Miscellaneous Forms of Arthritis —In the rarely encounted true allergic 
arthritis, corticotropin or cortisone may be helpful to suppress the attack because 
of their dependable antiallergic effects. The same is true for the arthritis of 
serum sickness. Palindromic rheumatism seldom causes sufficiently frequent 
or severe inflammation to require cortisone therapy. In a few instances, used 
as for rheumatoid arthritis, it has been effective in suppressing the disease. 
The intra-articular injection of 25 or 50 mg. of hydrocortisone acetate into the 
inflamed joint of the patient with intermittent hydrops, at the very beginning 
of the recurrent synovitis, has usually been very effective in aborting the attack. 
If such injections are made repeatedly at the beginning of each attack, in some 
patients the recurrences are less frequent and even cease, but this excellent 
response cannot be routinely expected. For ‘‘psychogenic rheumatism,’ hormone 
therapy is illogical. 

Nonarticular Rheumatism.—A common form of chronic nonarticular rheu- 
matism is the fibrositis syndrome. This is characteristically a minor illness, 
with relatively mild pain and stiffness which do not incapacitate the patient. 
Even though cortisone is frequently effective in relieving symptoms, usually 
it is unnecessary and unwise to employ this potent hormone for this nuisance 
disease. 


If periarthritis of the shoulder follows initial bursitis, tendonitis, or 
“shoulder-hand syndrome,” remarkable limitation of motion may result. In 
such instances of painful, stiff (‘‘frozen’’) shoulder, unrelieved by other measures 
of treatment, relief of pain and freedom of movement may be accomplished 
with the systemic use of large doses of cortisone or corticotropin for only a few 
weeks while intensive physical treatment and exercises are employed. Local 
use of hydrocortisone infiltrated into the tissue around the shoulder is usually 
ineffective. 

Pararheumatic Diseases.—There are several illnesses characterized by 
widespread fibrinoid degeneration of collagen fibers, commonly referred to as 
‘diffuse collagen diseases.’ In this group are: disseminated lupus erythema- 
tosus, dermatomyositis, polyarteritis, and scleroderma. Although they are 
not true forms of arthritis or rheumatism, all these disorders have prominent 
rheumatic features. Chronic synovitis of the joints sometimes occurs. 


Disseminated lupus erythematosus (DLE) is usually greatly benefited by 
proper administration of these hormones; indeed, cortisone and corticotropin 
have been the only agents which consistently exert significant control over this 
illness. Long remissions may follow the vigorous use of these hormones, but 
attempts to discontinue treatment are usually followed’ by” relapse, and corti- 
sone or corticotropin must be continued for an indefinite, long time. Although 
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all or most of the numerous manifestations of the disease can usually be sup- 
pressed, the characteristic pathologic process is not arrested; if renal lesions have 
developed they persist, and often “‘L.E.”’ cells persist in the blood of the treated 


persons. 
Many patients, however, are kept alive and comfortable for years by con- 


tinued treatment with cortisone or corticotropin, until failure of one of the vital 
organs results in death. Since DLE may be a fatal illness if untreated, it seems 
not only justified but essential to use one of these hormones as skillfully as possi- 
ble for the effective control of patients severely ill from this malady. 

Usually large daily doses, 100 mg. or more of cortisone, or 50 mg. or more 
of corticotropin, are required for long periods in order to accomplish suppression. 
In some cases as much as 1,000 to 2,000 mg. of cortisone acetate has been given 
intramuscularly daily to patients in an acute crisis.*4 Also in crisis, intravenous 
corticotropin or hydrocortisone in large doses may be necessary. Because of 
the common requirement for large doses and the frequent cardiac, renal, or 
pleural involvements, complications of treatment are numerous, and great care 
must be taken to control them. Many less serious but nevertheless trouble- 
some side effects of these hormones must frequently be tolerated in order to use 
them for the life-prolonging benefit they produce. 

Treatment of dermatomyositis produces variable results; in some patients 
the disease is suppressed for long periods, in other instances little benefit is 
obtained. Trial is justified whenever the disease is troublesome and _ progres- 
sive. 

In patients with polyarteritis (including periarteritis nodosa), significant 
benefit frequently results from cortisone or corticotropin. In some patients 
treated for long periods, death has occurred from cardiac or renal failure, and 
at autopsy extensive arterial scars which occlude the lumen of vessels have been 
found. Such developments, thought to be hastened by hormone treatment, 
are unfortunate, but it is likely that if untreated, the disease would have termi- 
nated fatally from progressive inflammatory lesions. In the early stage of 
polyarteritis, excellent suppression can be accomplished, and can usually be 
sustained by continued treatment. Occasionally, remission may continue after 
discontinuance of the hormone. 

Benefit of limited value has been observed in patients with scleroderma. 
Slow but definite softening and thinning of affected skin sometimes occurs if 
cortisone or corticotropin is used early in the illness and continued for long 
periods. In many advanced cases even large doses fail to effect practical benefit. 


LIMITATIONS OF PRACTICAL USEFULNESS 


This review of the use of cortisone, hydrocortisone, and corticotropin for 
various rheumatic diseases indicates the benefits which may be gained, and some 
of the troubles which may be encountered. Some undesired effects of these 
hormones may produce difficult problems, which limit practical usefulness in 
some patients. 

In acute rheumatic disorders, the problems of hormone therapy are usually 
infrequent and mild. The important complications and limitations of their practi- 
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cal usefulness in rheumatic diseases are met most often in chronic illness. These 
problems and limitations are: 

1. Although they have remarkable ability to suppress the activity of most 
inflammatory rheumatic diseases, cortisone and corticotropin have not the power 
to eliminate the pathologic process; hence they cannot be expected to cure any 
disease. 

2. The value of hydrocortisone or cortisone administered directly or 
secreted under stimulation of corticotropin lasts only during administration of 
the hormones. 

3. Hormone therapy does not repair damaged articular cartilage or bone, 
nor does it eliminate scarred connective tissue, hence zt cannot be expected to 
restore deformed arthritic joints or cardiac valves. 

4. So many physiologic actions cannot be divorced from the antirheumatic 
effects that undesired metabolic and hormonal results may outweigh the desired 
action. 

5. Corticotropin must be administered by injection, a practical disadvantage 
when prolonged use is required in ambulatory patients. 

6. Hydrocortisone acetate used intra-articularly has the same therapeutic 
limitations locally as in its systemic use, but undesired svstemic effects are not 


encountered. 


INDICATIONS FOR USE OF HORMONES FOR RHEUMATIC DISEASE 


The indications and contraindications for the use of cortisone and corti- 


cotropin cannot be precisely formulated. Opinions of various investigators do 


not entirely agree, and until experience is larger and extends over a longer time, 
unqualified recommendations cannot be made. It is clear that a patient with 
an acute inflammatory rheumatic disease may be considered a candidate for the 
use of cortisone or corticotropin, if the disease is worsening and other treatments 
have been unhelpful or inadequate. However, the merits of these hormones 
relative to other available treatment, such as salicylates for rheumatic fever 
and colchicine or phenylbutazone for acute gouty arthritis, are still debatable, 
so that the physician must make his own decision after careful consideration of 
all factors now known. 


For chronic rheumatic disorders it is even more difficult to state precise 
indications. In general, noninflammatory osteoarthritis benefits so little that 
prolonged use of these hormones seems unjustified. All patients with rheu- 
matoid arthritis may be expected to receive significant benefit from cortisone 
or corticotropin; the decision must be made of whether this potent treatment 
is warranted, and whether the benefits can be expected to outweigh troubles 
that may occur. No formula can be offered to answer this question. It is a 
matter of judgment based upon sound understanding of the known facts and 
upon experience. Many patients have such a mild form of rheumatoid arthritis 
that conservative treatment gives excellent results, and the more potent hormone 
treatment is not needed. In others with active disease, progressive in spite of 
all other therapy, it is desirable to employ cortisone or corticotropin as wisely 
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as possible to suppress the disease and minimize consequent incapacitation. 
In still other patients, disabled from previously active arthritis, the skillful use 
of cortisone or corticotropin combined with proper physical treatment may be 
of great value to accomplish quicker and greater restoration of joint and muscle 
function and thus materially aid in rehabilitation. 

Intra-articular hydrocortisone acetate can be expected to have practical 
value in patients: (a) with only one or two troublesome joints, (b) who have 
good response to systemic treatment except for one or two joints which remain 
painful or disabling, (c) who cannot tolerate systemic therapy with steroids 
(hypertensive or diabetic patients, for example), (d) toaid rehabilitative physi- 
cal or orthopedic treatment. 

In some pararheumatic (collagen) diseases with grave prognosis (such as 
disseminated lupus erythematosus) the use of cortisone or corticotropin is justi- 
fied even though troublesome complications may occur, for sometimes these 

erious illnesses may be suppressed only by the systemic use of these hormones. 


CONTRAINDICATIONS 


Absolute contraindications to the use of cortisone or corticotropin are few; 
more commonly relative contraindications must be weighed against the ad- 
vantages to be expected. Hypercorticoadrenalism (Cushing’s syndrome) is a 
definite contraindication; however, this relatively rare disease state seldom 
presents as a practical problem in patients with rheumatic diseases. In patients 
with acute psychoses, active tuberculosis or syphilis, or active peptic ulcer, 


these hormones should not be used. The history of previous psychosis or major 
emotional disturbances should make one hesitant; most psychoses that have 
occurred as complications during treatment have been in patients with such a 
history. Recently healed peptic ulcers may be reactivated, but an ulcer which 
has been completely healed for a period of one year or longer may not become 
active. Similar considerations are appropriate for long-arrested tuberculosis. 
Severe hypertension may be increased to a degree that is harmful, but in patients 
with only mild hypertension the hormones may provoke no trouble. Although 
severe diabetes mellitus may contraindicate the use of cortisone and cortico- 
tropin, in a mild diabetic state cautious use may be satisfactory. In renal 
insufficiency and severe congestive cardiac failure, these hormones may be 
dangerous, but in mild cardiac and renal disease trouble may not develop. 
In patients with severe osteoporosis, prolonged use of cortisoneand cortico- 
tropin should be avoided. Bleeding tendencies may make the use of these 
hormones more hazardous; if they are employed in such conditions, vigilance 
should be exercised to recognize important hemorrhage, should it occur. During 
severe purulent infections it may be advantageous to discontinue the use of 
cortisone or corticotropin until the inflammatory process becomes satisfactorily 
localized. Seldom is there difficulty in healing of operative or accidental wounds 
in patients receiving these hormones in usual therapeutic doses. 

Before hydrocortisone is unjected into a joint, in cases in which the diag- 
nosis may be uncertain, it should be carefully determined that the joint inflam- 
mation is not caused by active infection in the joint structures. 
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PRECAUTIONS DURING USE OF HORMONES 


The most important safeguards to the patient who receives cortisone or 
corticotropin are the physician’s thorough understanding of the physiologic 
effects of these agents, and close surveillance throughout the treatment. Clini- 
cal checks should be made routinely, particularly regarding nervous tension, 
excitability, insomnia, personality changes, weight, pulse, blood pressure, edema, 
and menstrual disorders. Urinalysis for sugar weekly or biweekly and infre- 
quent serum potassium determinations are advisable.: 

A diet adequate in essentials but restricted in caloric value will prevent 
generalized obesity; however, fatty jowls, round faces, and deposits of fat at 
the base of the neck posteriorly or above the clavicles and about the hips (es- 
pecially in females) may occur even with these precautions. Hirsutism and 
acne may also occur, but if the dose of hormone is not high, these androgenic 
effects are usually only nuisances and do not prevent continuation of treatment. 
Rigid measures against edema are not needed in all patients. To avoid or to 
minimize edema, the diet should be low in sodium; medicines containing large 
amounts of sodium (sodium salicylate, sodium bicarbonate, and infusions of 
physiologic saline solution) should be avoided. Diuretics may be needed. It 


is unnecessary to administer potassium supplement routinely as prophylaxis 
A wise 


against potassium deficiency because many patients do not require it. 
course is to measure the serum potassium at intervals of a few weeks, and to look 
for symptoms or signs of potassium deficiency (marked weakness, flaccid pa- 
ralysis, cardiac irregularities, hypotension, and characteristic electrocardi- 


ographic changes). Potassium chloride is a very effective supplement; doses 
of 1 or 2 Gm. daily usually correct deficiency and maintain normal tissue con- 
centration. In patients who are febrile and gravely ill, loss of potassium is 
more likely to produce an important problem, and in them prophylactic use of 
potassium supplement is advisable. 

Whether measures usually helpful for postmenopausal osteoporosis (high- 
protein diet, estrogen-androgen mixtures, and calcium or strontium salts) will 


be effective to prevent or correct the osteoporosis resulting from prolonged use 


of cortisone is now being studied. Recommendations cannot be made at this 


time. 
Menstrual irregularities can usually be prevented or significantly reduced 


by appropriate doses of estrogenic substances given orally or intramuscularly. 

Nervous tension, insomnia, unusual euphoria, or a sense of carefreeness 
should be regarded as unfavorable symptoms, for they often precede major 
excitement or depression. If these symptoms develop, the hormone should 
be discontinued or the dose should be sharply reduced. 

Although infrequent, hypersensitivity to corticotropin may be of such 
importance that it is recommended that a test dose of 5 mg. be injected intra- 
muscularly before starting to use this hormone. If no signs of anaphylactoid 
reaction occur within one or two hours, one need expect no difficulty from 
subsequent use of this hormone in therapeutic doses. Skin tests for sensitivity 
to corticotropin have been unreliable to indicate a hypersensitive state. 
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After prolonged treatment with cortisone or hydrocortisone, unless abrupt 
cessation is required for a serious complication, it is preferable to withdraw the 


A reduction of only 5 to 10 mg. in the daily dose made 


steroid very slowly. 
It is also ad- 


at ten- to fourteen-day intervals is usually the best schedule. 
visable to administer stimulating doses of corticotropin at the end of prolonged 
cortisone therapy, to shorten the period of adrenal suppression. 


Surgery in Cortisone-treated Patients.—Should it be necessary to perform a 
surgical operation on a patient who has had cortisone therapy within a few 
months prior to the surgery, it is highly important to administer supplemental 
cortisone or hydrocortisone for one or two days before the operation, on the day 
of operation, and for a few days thereafter. Although suppression of adrenal 
function may not result in adrenal insufficiency in usual circumstances, it may 
imperil life during the stress incident to a surgical operation. Usually tests of 
adrenal function are helpful, but normal results are not reliable indications that 
great stress can be met. It is, therefore, necessary to administer supplemental 
cortisone routinely as a prophylactic measure, when surgery is to be performed 
within three months (some investigators recommend twelve months) of corti- 
sone treatment. Intravenous hydrocortisone (special alcohol solution) is par- 
ticularly appropriate for use in postoperative patients receiving infusions. 

It is a good precaution to provide the patient with a card that he should 
carry constantly, indicating that he is receiving cortisone. In case of accident, 
the medical attendants would know that precautions against adrenal insuf- 
ficiency might be needed, and this information may be lifesaving. 


OTHER STEROIDS STUDIED FOR ANTIRHEUMATIC EFFECT 


After the remarkable antirheumatic effects of cortisone became known, it 
was natural that other steroids which had a chemical composition resembling 
cortisone should be tested for similar action. An early concern was the expense 
of cortisone. It was hoped that an inexpensive steroid could be made in large 
quantities. Later, the objective was primarily to find one that possessed potent 
antirheumatic action when administered orally, had little or no other physiologic 
action, and hence would produce few or no undesirable effects. In search for 
such an advantageous substance, a large number of steroids were synthesized 
and their pharmacologic value tested. For a while, pregnenolone was heralded 
as an effective cortisone substitute. However, when critically studied this 
steroid was found to possess no consistent antirheumatic effect.* All other 
steroids that have been tested have been found to be valueless as substitutes 


for cortisone or hydrocortisone. 
Steroids which lack any one of the following characteristics have been found* 


to possess no antirheumatic properties: 
1. OH at carbon 17. 
Double bond between carbons 4 and 5. 
Double-bonded O at carbon 3. 
O or OH at carbon 11. 
OH, or its salt, at carbon 21. 
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Various methods to augment the antirheumatic effects of cortisone and 
hydrocortisone have been tried. Simultaneous use of insulin was reported*’ 
to reduce the cortisone requirement; however, this effect has been inconsistent, 
and would be impractical even if it were helpful. Potassium para-aminobenzoate 
in large amounts together with cortisone has been reported to augment the 
antirheumatic effect, and thus lower the requirement for cortisone.*® This 
method has been found unreliable by some investigators, but it is being studied 
further. 

LOOKING AHEAD 


Research progresses at an accelerated pace, and significant practical ad- 
vances are being realized. Recently many steroid alterations have been de- 
veloped by pharmaceutical chemists. Some of these have greater antirheumatic 
properties than the presently available steroids. One of these new steroids, 
9 alpha fluoro hydrocortisone, has been found to have many times the anti- 
rheumatic potency of cortisone acetate, but it is unlikely that it will be of practical 
value because of the marked retention of sodium and water that it causes.*®:4° 

Two newly synthesized steroids, metacortandracin and metacortandralone, 
have been found to have very potent antirheumatic potency." The structure 
of metacortandracin has been announced to be delta 1, 4-pregnadiene-17 alpha, 
21-diol-3, 11, 20-trione; that of metacortandralone is delta 1, 4-pregnadiene-11 
beta, 17 alpha, 21-triol-3, 20-dione.” The structures of each of these new steroids 
are similar, and very similar to that of cortisone and hydrocortisone. Their ad- 
ministration to animals indicates that the eosinopenic response in adrenalecto- 
mized mice is three to four times the activity of cortisone or hydrocortisone, and 
that glycogen deposition in the liver and thymus involution are enhanced. Early 
clinical trials in patients with rheumatoid arthritis show that during continuous 
administration over a few months, antirheumatic potency is about three times 
that of hydrocortisone and four times that of cortisone and that some undesired 
effects are distinctly less frequently encountered and less severe.*! If continued 
clinical investigations show these benefits can be consistently obtained, it seems 
reasonable that one of these new steroids may replace the currently used hydro- 
cortisone and cortisone.* 

A new salt of hydrocortisone shows promise of replacing hydrocortisone 
acetate for intra-articular use. Preliminary clinical trials indicate that, in 
some arthritics, tertiary-butyl-acetate of hydrocortisone injected into the joint 
cavity produces greater relief which lasts longer than that obtained from the 
same quantity of hydrocortisone acetate. In no cases is the local effect of the 
new derivative inferior to that of hydrocortisone acetate. 

With advances such as these it seems reasonable that hormone treatment 
for rheumatic diseases will become better and more practical. 


SUMMARY 


Cortisone, hydrocortisone, and corticotropin may produce remarkable 
benefits in various types of rheumatic disorders. The manner of action of these 


*Metacortandracin has now become a prescription drug (F.D.A. approved) and is now being used 
in many rheumatic disease centers in preference to hydrocortisone and cortisone acetate. 
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potent hormones to produce antirheumatic effects is not known. The effects 
are temporary, suppressive but not curative, and there is no evidence that the 
ultimate course of a chronic rheumatic disease is favorably altered. There are 
potential dangers involved, because of which great care and definite precautions 
must be taken. The limitations of their usefulness have prevented the routine 
use of these agents in inflammatory rheumatic diseases. Indeed, the use of 
hormone therapy has become highly selective, for the purpose of realizing defi- 
nite objectives. 

The physician using these substances should realize their limitations and 
potential problems. Troubles must be expected to occur in some patients and 
the physician should be prepared to meet them. One must consider not only 
what may happen during their administration, but also what might occur after 


they are discontinued. 

Although the practical usefulness of adrenal hormones has not fulfilled the 
high hopes originally held, despair is not warranted. Research continues and 
it is reasonable to anticipate that some current problems will be solved. The 
management of patients with rheumatic diseases should become more effective 


and on a firmer scientific basis. 
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WO monographs! and a series of “annual reports’’®-> have been devoted 

to a detailed discussion of the literature on stress, a large section of which 
deals with conditions such as rheumatic diseases, hypertension, renal disease, 
arteriosclerosis, etc., which clearly fall into the group of maladies with which 
this JOURNAL is concerned. I limit myself here to a brief synopsis of the stress 
concept as it presents itself in 1955. I shall attempt to do this in the form of 
a survey based on the aforementioned publications, but outlining only their 
essence in a few pages. Thus, it will act as an introduction for those who would 
like to explore the relationships between stress and chronic disease, without 


overlapping too much with the series of special monographs and yearbooks, 
whose object is to serve as a detailed guide to the entire world literature. 


Precursors of the Stress Concept.—Since man first used the word ‘“‘disease”’ 
he had some, at least subconscious, inkling of the stress concept. The fact 
that a single term can be used to denote a great variety of individual maladies 
clearly indicates that they have something in common. They possess, as we 
would now say, some nonspecific features which permit one to distinguish dis- 
ease from the condition of health. Yet, precisely because these manifestations 
are not characteristic of any one disease, they have received little attention in 
comparison with the specific ones. They were thought to be of lesser interest 
for, unlike the latter, they did not help to recognize the “eliciting pathogen” 
or lend themselves to any effective type of specific therapy. 

Nevertheless, several early investigators have attempted to elucidate the 
mechanisms involved in such nonspecific reactions. Since our knowledge of 
the nervous system antedates, by far, the development of modern endocrinology, 
it is understandable that, among the two great integrating systems of the body, 
the nervous and the hormonal systems, the former was the first to be examined 
from this point of view. Ricker, Speransky, Reilly, Hoff, and many others 
have gathered important data concerning the role of the nervous system in 
such nonspecific reactions as fever, polymorphonuclear leukocytosis, inflam- 
mation, etc. In the domain of what may be called “physiologic stress,’’ W. 
Cannon's studies helped us to understand the part played by the sympathetic 
nervous system and its humoral effector substances. 
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Furthermore, quite independently, a great deal of progress has been made 
in the study of pituitary and adrenocortical hormones by chemists, physiologists, 
and clinicians, too numerous to mention by name. 

All the knowledge acquired as a result of these early investigations was 
indispensable for the eventual formulation of the stress concept, whose leading 
motive is one of unification. Additional experiments had to be performed, 
however, to show that the many nonspecific responses of individual target organs 
are closely integrated and actually represent part of a single biologic response, 
the general adaptation syndrome (G-A-S). These investigations, which will 
be outlined later, made it evident that the “‘stress pattern” of reaction plays 
an integral part in the most varied physiologic, pathologic, and pharmacologic 


phenomena. 


The Concept of Stress.—By a series of experiments on animals, it was demon- 
strated in 1936 that the organism responds in a stereotypical manner to a variety 
of widely different factors, such as: infections, intoxications, trauma, nervous 
strain, heat, cold, muscular fatigue, or x-irradiation. The specific actions of 
all these agents are quite different. Their only common feature is that they 
place the body in a state of general (systemic) stress. Hence, we concluded 
that the stereotypical response, which is superimposed upon all specific effects, 
represents the somatic manifestations of nonspecific “‘stress’’ itself. 


But what is nonspecific ‘‘stress’’? The term had long been used in physics 
to denote the interaction between a force and the resistance opposed to it. For 
instance, pressure and tension can put inanimate matter under stress. The 
aforementioned nonspecific response was thought to represent the biologic 


equivalent of such physical stress. The term has now been generally accepted 


in this sense not only in English, but—since attempts to translate “‘stress’’ led 


to much confusion—also in most other languages. 


The Concept of the G-A-S.—The most outstanding manifestations of this 
stress-response were: adrenocortical enlargement with histologic signs of hyper- 
activity, thymicolymphatic involution with certain concomitant changes in the 
bloodcount (eosinopenia, Iymphopenia, polynucleosis), and gastrointestinal 
ulcers, often accompanied by other manifestations of damage or “‘shock.”’ 

We were struck by the fact that, while during this reaction all the organs 
of the body show involutional or degenerative changes, the adrenal cortex 
actually seems to flourish on stress. We suspected this adrenal response to 
play a useful part in the systemic, nonspecific adaptive reaction, which we visu- 
alized as a ‘‘call to arms”’ of the body’s defense forces and named the “alarm 
reaction.’ 

Subsequent studies showed that the alarm reaction is but the first stage 
of a much more prolonged General Adaptation Syndrome (G-A-S). The latter 
comprises three distinct stages, namely: 

(1) The alarm reaction (A-R), in which adaptation has not yet been ac- 
quired. 


(2) The stage of resistance (S-R), in which adaptation is optimal. 
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(3) The stage of exhaustion (S-E), in which the acquired adaptation is lost 
again. 

The Mechanism of the G-A-S.—In order to elucidate the kinetics of this 
syndrome we proceeded as follows: 

Rats were adrenalectomized and then exposed to stressor agents. This 
showed that in the absence of the adrenals, stress can no longer cause thymico- 
lymphatic involution or characteristic blood count changes.® 

When adrenalectomized rats were treated with the impure cortical extracts 
available at that time, it became evident that thymicolymphatic involution 
and the typical bloodcount changes could be produced by adrenal hormones 
even in the absence of the adrenals. Therefore, these changes were considered 
to be indirect results of stress mediated by corticoids.*° 

Conversely, the gastrointestinal ulcers and other manifestations of pure 
damage or shock were actually more severe in adrenalectomized than in intact 
animals and could be lessened by treatment with cortical extracts. It was 
concluded that these lesions are not mediated through the adrenal; in fact, they 
are actually combated by an adequate adrenocortical response to stressor agents.® 

But what stimulates adrenocortical function during stress? In the course 
of the next year, we found that among many surgical interventions tried, only 
hypophysectomy prevented the adrenal response during the alarm reaction. 
Hence, we concluded that stress stimulates the cortex through an adrenocortico- 
trophic hormone, now known as ACTH.!°.! 

Then, pure cortical steroids became available, thanks to the classical in- 
vestigations of Kendall and Reichstein. With these, we could show that ad- 
ministration of mineralocorticoids or M-Cs (such as desoxycorticosterone) pro- 
duces experimental replicas of the so-called hypertensive and inflammatory 
‘rheumatic’ diseases; notably, nephrosclerosis, hypertension, vascular lesions 
(especially periarteritis nodosa and hyalin necrosis of arterioles)" as well as 
arthritic changes resembling, in acute experiments, those of rheumatic fever 
and, after chronic treatment, those of rheumatoid arthritis.% Yet, even very 
high doses of mineralocorticoids did not induce any noteworthy thymicolym- 
phatic or blood count changes, such as were caused by cortical extracts. 

Significantly, exposure of animals to certain nonspecific stressor agents 
(e.g., cold) produced marked adrenocortical enlargement and organ changes 
very similar to those elicited by the administration of mineralocorticoids." 
Still, many investigators doubted that secretion of M-Cs could be involved 
in the pathogenesis of disease, since the very existence of natural, endogenous 
M-Cs was questioned. Indeed, until quite recently some of the most eminent 
students of the adrenal advocated the “‘unitarian theory,’’ which held that the 
gland secretes only one corticoid, so that a derangement in the balance between 
antagonistic cortica! hormones would be impossible. This concept was defi- 
nitely disproved by the isolation of aldosterone from both the tissue and the 
venous blood of the adrenals. 

Extracts rich in glucocorticoids or G-Cs (such as cortisol and cortisone), 
on the other hand, were highly potent in causing thymicolymphatic involution 
and in eliciting the characteristic blood count changes of the alarm reaction. 


ee esa J. Chron. Dis. 
586 SELYE November, 1955 


They also tended to inhibit the inflammatory ‘‘rheumatic-like’’ changes which 
can be elicited in animals by mineralocorticoids. Thus, in many respects, the 
two types of corticoid hormones antagonize each other.? 

Another interesting activity of the corticoids, discovered at about this time, is their singular 
effect upon the central nervous system of animals. A variety of steroids, among which figured both 
G-Cs (e.g., cortisone) and M-Cs (e.g., DCA), as well as other steroid hormones, and hormone 
metabolites (e.g., pregnanediol, pregnanedione), proved to possess the property of causing a state 
of great excitation and confusion, followed by marked depression of all reflex activities and, 
eventually, deep anesthesia.6 This observation raised the question of whether a pronounced 
increase in the activity of endogenous corticoids could be responsible for certain nervous and 
emotional accompaniments of exposure to stress. After the introduction of cortisone into clinical 
therapy, it became evident that, in man, this hormone can also exert a powerful effect upon the 
central nervous system. In animals, both G-Cs and M-Cs exhibit this effect; hence we shall have 
to watch for it as soon as patients will be treated with large doses of aldosterone. 


The terms ‘glucocorticoids’ and ‘‘mineralocorticoids’’ emphasize the 
salient metabolic actions of these substances; from a clinical point of view, 
however, their effects upon inflammation are perhaps of even greater interest. 
Since the glucocorticoids inhibit inflammation, while the mineralocorticoids 
enhance it, the G-Cs may appropriately be called ‘“‘antiphlogistic corticoids’’ 
or ‘‘A-Cs’’ and the M-Cs ‘“‘prophlogistic corticoids’’ or ‘‘P-Cs,’’ when they are 
discussed with reference to their effects upon inflammation. It remains to 
be seen, however, whether G-C and A-C (or M-C and P-C) activities neces- 
sarily run parallel in all steroid compounds, including those (like aldosterone) 
which have not yet been fully examined for these effects. 

Inflammatory granulomas, especially those produced in the vicinity of joints 
by the local application of irritants (e.g., formalin, mustard powder), as well 
as certain allergic reactions, are likewise aggravated by P-Cs and inhibited by 
A-Cs. Apparently, the response of the adrenal cortex is most important not 
only in defense against systemic stress (affecting the whole organism), but also 
in the manifold topical defense reactions which occur upon exposure to local 
stress (e.g., bacterial or chemical irritants, response of a “‘shock organ”’ to an 
allergen).!7! These findings helped to formulate the concept of the Local Adap- 
tation Syndrome (L-A-S) to be discussed later (cf. p. 588). 

In this connection, the hormone sensitivity of certain so-called ‘“anaphylactotd inflammatory 
reactions’ is of special interest. Actually, our attention had first been called to a possible relation- 
ship between the adrenal cortex and inflammation by an incidental observation on rats given 
parenteral injections of egg white. It was found that the rat is naturally hypersensitive to egg 
white, and responds to the intraperitoneal or intravenous administration of this substance by an 
acute serous inflammation of the paws and snout. This inflammatory response was greatly aggra- 
vated in adrenalectomized animals (presumably because they could not defend themselves by 
the endogenous production of A-Cs). On the other hand, it was prevented by treatment with 
systemic stressors, directly in proportion to the adrenocortical enlargement they produced (pre- 
sumably, as a result of excess A-C secretion)."' Subsequently, it could be shown that cortisone 
and ACTH inhibit, while certain crude anterior-pituitary preparations and desoxycorticosterone 
aggravate, this anaphylactoid type of acute inflammation.!8 


Curiously, our crude anterior pituitary extracts also duplicated most of the 
aforementioned actions of P-Cs upon the cardiovascular system, the blood pres- 
sure, the connective tissue (inflammation), and the kidneys.'*:® The hypophyseal 
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preparations which we used were definitely corticotrophic, in that they enlarged 
the adrenal cortex, but they were particularly richin the so-called ‘“‘growth 
hormone” or somatotrophic hormone (STH). This made it difficult to interpret 
early experiments, in which such crude extracts were used, because we were 
unable to distinguish clearly between the effectsof ACTH and STH. However, 
as soon as purified ACTH was available, it became evident that the afore- 
mentioned pathogenic actions of the crude anterior-pituitary preparations 
could not be due to their ACTH content, since even the highest tolerable doses 
of the pure corticotrophic hormone failed to duplicate their predominant P-C 
effects. On the other hand, overdosage with purified STH caused cardiovascular 
and renal lesions, virtually identical to those previously observed in animals 
treated with P-Cs. It was then concluded that, probably, the characteristic 
actions of crude anterior-pituitary preparations were mainly due to their STH 
content. It remains to be seen to what extent STH acts indirectly by stimu- 
lating the P-C production of the adrenal cortex, or directly by sensitizing the 
peripheral tissues to P-Cs. Preliminary observations suggest that the last- 
mentioned mechanism is more important, although both may be implicated.”° 
This point is not yet settled. 

From the internist’s point of view, perhaps the most interesting role of 
STH in the adaptation syndrome is that it can effectively combat catabolism 
and susceptibility to infections. Animals heavily overdosed with ACTH or 
A-Cs, tend to lose a great deal of weight. Eventually they die, almost always 
as a result of generalized septicemia, caused by normally saprophytic micro- 
organisms. In rats, the lung tissue appears to be singularly predisposed to 
such infections. Under these conditions, adequate doses of STH prevent the 
loss of body weight as well as the excessive microbial proliferation.2! It remains 
to be seen to what extent these actions of STH will prove to be of value in the 
management of infections in man, but experiments on rats have already demon- 
strated the great influence of adaptive hormones upon resistance to the human 
type of tuberculosis. Normally the rat is virtually resistant to tuberculosis 
bacilli; it may be rendered sensitive by ACTH or A-Cs and this sensitivity can, 
in turn, be abolished by STH. 


Conditioning of Hormone Actions.—As work along these lines progressed, 
it became increasingly more obvious that the activity of the hormones produced 
during stress depends largely upon a variety of “‘conditioning factors.’ Both 
the production of the ‘‘adaptive hormones’’ and their effect upon individual 
target organs proved to be greatly influenced by heredity, age, previous exposure 
to stress, the nutritional state, etc. Thus, for instance, the production of corti- 
cotrophic hormone by the pituitary is enhanced by a high-protein diet, while 
the action of M-Cs upon most target organs is augmented by excess sodium.® 

Stress itself is perhaps the most effective and most common factor capable 
of conditioning the actions of adaptive hormones. Thus systemic stress aug- 
ments the antiphlogistic, lympholytic, catabolic, and hyperglycemic actions 
of A-Cs, while the salient effect of the adaptive hormones, that of modifying 
the course of inflammation, naturally cannot manifest itself unless some topical 
stressor first elicited a phlogistic response. 
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Ingle! introduced the concept of the ‘‘permissive actions’’ of corticoids. This term implies 
that the adrenal hormone does not affect a target of stress itself, although it permits a stressor 
to act upon it. Furthermore, allegedly the presence or absence of a permissive factor can only 
allow or disallow a reaction, but is unable to vary its intensity. To illustrate this concept one 
might compare the production of light by an electric lamp to the biologic reaction and the switch 
to the “permissive factor.’”’ The switch cannot produce light, nor regulate the degree of its 
intensity, but unless it is turned on, the lamp will not function. Correspondingly, the functional 
signs—generally considered to be characteristic of corticoid overproduction during stress—would 
not result from any actual increase in corticoid secretion, but from the extra-adrenal actions of 
supporting 
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the stressors themselves. The presence of corticoids would be necessary only in a 
capacity” to maintain the vitality and reactivity of tissues. 

Actually, it is precisely in the specific and not in the nonspecific stress reactions that the 
corticoids play a purely “permissive role” of this type. Here they are necessary only to prevent 
stress and collapse, thus keeping the tissues responsive. For instance, adrenalectomized rats will 
not respond to injected STH with somatic growth, or to sexual stimulation with mating, without 
a minimal maintenance corticoid treatment. These reactions are in fact not characteristic of the 
corticoids and could not be duplicated, in the absence of the specific stimulus, even with the 
highest doses of corticoids. The characteristic functional signs of A-C overproduction which we 
see in the alarm reaction (e.g., atrophy of the lymphatic organs, catabolism, inhibition of inflam- 
mation) are also impeded by adrenalectomy and restored even by mere maintenance doses of 
A-Cs in the presence of stress, which sensitizes or ‘‘conditions’’ the tissues to them. However— 
unlike specific actions—these nonspecific effects can also be duplicated in the absence of any 
stressor if large doses of A-Cs are given (cf. ‘Fourth Annual Report on Stress,’’ pp. 78-85) 

The importance of such conditioning influences is particularly striking in the regulation of 
stress reactions, because, in the final analysis, they are the factors which can actually determine 
whether exposure to a stressor will be met by a physiologic adaptation syndrome, or cause “‘diseases 
of adaptation.”’ Furthermore, in the latter instance, these conditioning factors can even deter- 
mine the selective breakdown of one or the other organ. We are led to believe that differences 
in predisposition, due to such factors, might explain why the same kind of stressor can cause 
diverse tvpes of “‘diseases of adaptation” in different individuals. 

Incidentally, it was only on the basis of such experiments that the mechanism through which 
stress affects the adrenal cortex could be clarified. We noted that stressors such as “‘formalde- 
hyde, which caused marked adrenal hypertrophy in the normal, but not in the hypophysectomized 
animal, remained without effect (upon the adrenal), even if the adrenal cortex was prevented 
from undergoing atrophy by the administration of pituitary extract. The effect of such a drug 
on the adrenal appears to be an indirect one due to pituitary stimulation.’ 


The Concept of the Local Adaptation Syndrome (L-A-S).—It had long been known that many 
local responses to injury are nonspecific; it had been noted, for instance, that a variety of ‘‘topical 
stressors” (burns, microbes, drugs) share the power of producing nonspecific tissue damage and/or 
inflammation. However, it is only recently that the close relationship between the systemic and 
local types of nonspecific reactions has been more clearly established. While the characteristic 
response of the body to systemic stress is the G-A-S, characterized by manifold morphologic 
and functional changes throughout the organism, topical stress elicits a ‘Local Adaptation 
Syndrome” (L-A-S), whose principal repercussions are confined to the immediate vicinity of 
the eliciting injury. They consist, on the one hand, of degeneration, atrophy, and necrosis, on 
the other of inflammation, hypertrophy, hyperplasia, and, under certain conditions, neoplasia. 
(Cf. ‘Fourth Annual Report on Stress,’’ p. 48.) 


L-A-S and G-A-S.—At first sight, there appears to be no striking similarity 
between the systemic and the local reaction type. A patient in traumatic shock 
furnishes a characteristic example of the G-A-S and, in particular, of its earliest 
stage, the “shock phase’’ of the general alarm reaction. An abscess formed 
around a splinter of wood represents a typical example of the L-A-S and, in 
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particular, of its “‘stage of resistance,’’ during which the defensive inflammatory 
phenomena predominate. On the surface, these two instances of disease reveal 
no striking similarities and yet, more careful study shows them to be closely 
related. 

The experimental observations which led us to these conclusions have been described else- 
where.®.5 Let us restate here, however, that, among other things, the G-A-S and the L-A-S are 
thought to be interrelated because: 

(I) both are nonspecific reactions, comprising damage and defense; 
(II) both are triphasic, with typical signs of ‘‘crossed resistance’”’ (or, depending upon the 
stressors used, ‘‘crossed sensitization’’), during the second stage; 

(III) both are singularly sensitive to the so-called ‘“‘adaptive hormones” (ACTH, STH, 

corticoids) ; 

(IV) If the two reactions develop simultaneously in the same individual, they greatly in- 

fluence one another; that is, systemic stress markedly alters tissue reactivity to local 


stress and vice versa. 


The Concept of the Diseases of Adaptation.—Thus we arrived at the con- 
clusion that the pathogenicity of many systemic and local stressor agents depends 
largely upon the function of the hypophysis-adrenocortical system. The latter 
may either enhance or inhibit the body’s defense reactions against stressors. 
We think that derailments of this adaptive mechanism are the principal factors 
in the production of certain maladies which we consider, therefore, to be es- 


sentially diseases of adaptation. 

It must be kept in mind that such diseases of adaptation do not necessarily 
become manifest during exposure to stress. This is clearly demonstrated by 
the observation that temporary overdosage with desoxycorticosterone can 
initiate a self-sustaining hypertension, which eventually leads to death, long 
after hormone administration had been discontinued. Here, we speak of ‘“‘meta- 
corticoid’’ lesions. The possibility that a temporary excess of endogenous 
aldosterone could induce similar delayed maladies deserves serious consideration. 

Among the derailments of the G-A-S which may cause disease, the following 
are particularly important: 

(1) An absolute excess or deficiency in the amount of adaptive hormones 
(e.g., corticoids, ACTH, STH) produced during stress. 

(2) An absolute excess or deficiency in the amount of adaptive hormones 
retained (or ‘‘fixed’’) by their peripheral target organs during stress. 

(3) A disproportion in the relative secretion (or fixation) during stress of 
various antagonistic adaptive hormones (e.g., of ACTH and A-Cs, on the one 
hand, and of STH and P-Cs, on the other). 

(4) Production by stress of metabolic derangements, which abnormally 
alter the target organ’s response to adaptive hormones (through the phenomenon 
of ‘‘conditioning’’). 

(5) Finally, one must not forget that, although the hypophysis-adrenal 
mechanism plays a prominent role in the G-A-S, other organs which participate 
in the latter (e.g., nervous system, liver, kidney) may also respond abnormally 
and become the cause of disease during adaptation to stress. 
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Summary of Observations.—To summarize, one might say that all agents which act upon the 
body or any of its parts exert dual effects: 

(1) Specific actions, with which we are not concerned in this review, except in so far as they 
modify the nonspecific actions of the same agents. 

(2) Nonspecific or stressor effects, whose principal pathways (as far as we know them today) 
are illustrated in Fig. 1. 

The stressor acts upon the target (the body or some part of it) directly (thick arrow) and 
indirectly through the pituitary and adrenal. 

Through some unknown pathway (labeled by a question mark), the ‘‘first mediator” travels 
from the directly injured target area to the anterior pituitary. It notifies the latter that a condi- 
tion of stress exists and thus induces it to discharge ACTH. 

It is quite possible that this ‘first mediator” of hormonal defense is not always the same. 
In some instances, it may be an adrenaline discharge, in others a liberation of histamine-like 
toxic tissue metabolites, a nervous impulse, or even a sudden deficiency in some vitally important 
body constituent (such as glucose or an enzyme). 


STRESSOR 


Fig. 1.—After Selye.® 


ACTH stimulates the adrenal cortex to discharge corticoids. Some of these, the prophlogistic 
corticoids (P-C), stimulate the proliferative ability and reactivity of connective tissue; they 
enhance the ‘‘inflammatory potential.’’ Thus, they help to put up a strong barricade of con- 
nective tissue through which the body is protected against further invasion by the pathogenic 


stressor agent. 
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However, under ordinary conditions, ACTH stimulates the adrenal much more effectively 
to secrete antiphlogistic corticoids (A-C). These inhibit the ability of the body to put up granulo- 
matous barricades in the path of the invader; in fact, they tend to cause involution of connective 
tissue with a pronounced depression of the inflammatory potential. Thus they open the way 
to the spreading of infection. 

It is not yet known whether ACTH always stimulates the adrenal to produce the various 
corticoids in the same proportion and always with a great predominance of A-Cs. Certain recent 
experiments?’ suggest that, depending upon conditions, ACTH may cause the predominant 
secretion of one or the other of the steroid hormones. However, be this as it may, the somato- 
trophic hormone (STH) of the pituitary increases the inflammatory potential of connective tissue, 
very much as the P-Cs do; hence, it can sensitize the target area to the actions of the latter. 

It is possible that the hypophysis also secretes some special corticotrophin which induces 
the adrenal to elaborate predominantly P-Cs; indeed, STH itself may possess such effects, but 
this has not yet been proved. In any event, even if ACTH were the only corticotrophin, the 
actions of the corticoids produced under its influence can be vastly different, depending upon 
“conditioning factors” (such as STH), which specifically sensitize the target area for one or the 
other type of corticoid action. Actually, conditioning factors could even alter the response to 
ACTH of the adrenal cortex itself, so that its cells would produce more A-Cs or P-Cs. Thus, 
during stress, one or the other type of effect can predominate. 


The fundamental reaction-pattern to topical stressors is a local adaptation 
syndrome with inflammation; to systemic stressors, the general adaptation syndrome. 
Various modifications of these two basic responses constitute the essence of most 
diseases. 


Outlook Suggested by These Observations.—Pasteur, Koch, and their con- 
temporaries introduced the concept of specificity into medicine, a concept which 
proved to be of the greatest heuristic value up to the present time. Each in- 
dividual, well-defined disease, they held, has its own specific cause. It has 
been claimed by many that Pasteur failed to recognize the importance of the 
‘terrain,’ being too preoccupied with the pathogen (microorganism) itself. 
His work on induced immunity shows that this is incorrect. Indeed, allegedly 
at the end of his life he said: ‘‘Le microbe n'est rien, le terrain est tout.” 

The theory which directed the most fruitful investigations of Pasteur and 
his followers was that the organism can develop specific adaptive reactions 
against individual pathogens and that by imitating and complementing these, 
whenever they are short of optimal, we can treat many of the diseases which 
are due to specific pathogens. 

To my mind, the General Adaptation Syndrome represents, in a sense, 
the negative counterpart, or mirror image, of this concept. It holds that many 
diseases have no single cause, no specific pathogen, but are largely due to non- 
specific stress, and to pathogenic situations which result from inappropriate 
responses to such nonspecific stress. 

This blueprint of the pathways through which stress acts may be partly 
incorrect; it is certainly quite incomplete. But in it we have a basis for the 
objective scientific dissection of such time-honored, but hitherto rather vague, 
concepts as the role of “‘reactivity,”’ “constitution and resistance,’ or ‘‘non- 
specific therapy,” in the genesis and treatment of disease. 

If I may venture a prediction, I would like to reiterate my opinion that 
research on stress will be most fruitful if it is guided by the theory that one must 
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learn to imitate—and, if necessary, to correct and complement—the body's own 
autopharmacologic efforts to combat the stress factor in disease. 


Acknowledgment.—Part of the work on which this article is based was performed with the 
aid of a Consolidated Grant from the National Research Council of Canada. 
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Editorials 


MODERN CONCEPTS OF EPIDEMIOLOGY 


Modern practices have restored to epidemiology the concepts and functions 
which stem from the original sense of the word. It was through years of special 
application to the study and control of communicable diseases that its usage 
became restricted. The change in meaning over the years and the variety of 
opinion as to its meaning today are reflected in the following definitions: Web- 
ster’s New Collegiate Dictionary (1950) limits epidemiology to the study of epi- 
demics as follows: ‘‘the medical science treating of epidemics.’’ Stedman's 
Practical Medical Dictionary (1946) shows an extension of the meaning beyond 
epidemics per se to all epidemic diseases: ‘‘the science of epidemics and epidemic 
disease.’’ Greenwood, in 1935, subscribed toa further extension: ‘‘the study of 
disease, any disease, as a mass phenomenon.”’ Maxcy in Dorland’s dictionary 
and in Rosenau: Preventive Medicine and Hygiene! gives a definition which is 
generally accepted among epidemiologists today: ‘‘that field of medical science 
which is concerned with the relationship of the various factors and conditions 
which determine the frequencies and distributions of an infectious process, a 
disease, or a physiologic state in a human community.” 

Literally, the roots of the word mean ‘‘on, upon or to the people.’’ Thus, 
epidemiologic principles and methods are being applied not only to the com- 
municable diseases but also to other disorders on or upon the people: heart 
disease,’ essential hypertension,’* mental disorders, * nutritional deficiencies,’ 
accidents,* mottled enamel,’ congenital defects,!® and other disorders which 
affect populations. 

These disorders are the result of imbalance between agents of disease and 
man; the extent of the imbalance depends upon the characteristics of the agents 
and those of man; and these characteristics are largely governed by the condi- 
tions of the environment. Thus, within the agent, the host and the environment 
are all the conditions and circumstances which initiate and perpetuate a disease 
process. The process actually begins before man himself is involved. There are 
genetic and environmental influences which determine whether or not man will 
come in contact with disease agents (infectious or noninfectious) and once man 
and agent meet, similar influences may determine the outcome of the interaction. 
There are two related processes, one taking place in the environment before man 
is actually affected and the other the process of interaction of man and disease 
agent (the course of the disease in man). For example, malaria has its origin in 


593 


. : : _ Chron. Dis. 
504 EDITORIALS november, 1988 


a process in the environment, which depends on the presence of the Anopheles 
mosquito, climatic conditions, and the availability of the causative agent. Pre- 
vention and control depend on the knowledge of this process before man is 
affected. Similarly, lead poisoning results from an environmental process which 
permits the disease agent (lead) to come in contact with man. This process 
must be interrupted to prevent the disease process in man. 

The combination of these processes (i.e., the one in the environment and the 
one in man, beginning with the first initiating forces wherever they may be, 
through the resulting changes which take place in man and until equilibrium is 
reached or defect, disability, or death ensues) may be termed, especially for 
epidemiologic and preventive purposes, the natural history of a disease." 

The body of knowledge about the natural history of any disease is the result 
of facts and observations, assembled from many fields of science, being inte- 
grated with those relating to the occurrence of disease according to age, race, sex, 
occupation, heredity, personal habits, and other host characteristics, and the 
details of the physical, social, economic, and biologic environment. It is a 
function of epidemiology to collect and organize such data from diverse sources 
in order to describe the natural history of disease. Such is descriptive epidemi- 
ology. Epidemiologic description differs from clinical description in the basic 
unit of observation. In the latter, the unit is an individual and the clinical 
reaction is described as it is manifest in that individual and others so affected. 
For the epidemiologic description, the unit is an aggregation of individuals and 
the description includes the host and environmental characteristics of both the 
affected and the nonaffected in the population concerned. 

That epidemiology is also a constructive or analytical science was first 
expressed by Frost, the greatest of American epidemiologists: ‘Epidemiology 
is something more than the total of its established facts. It includes their orderly 
arrangement into chains of inference which extend more or less beyond the bounds 
of direct observation. Such of these chains as are well and truly laid guide in 
investigation to the facts of the future. Those that are ill laid fetter progress.’’" 

The methods of modern epidemiology (constructive epidemiology), as 
applied to the study of the mass phenomena of health and disease, are based upon 
scientific principles which are common to other scientific disciplines as well. 
The epidemiologic method comprises a continuum of several orderly steps. 
In the investigation of any aspect of health and disease, the method can be syste- 
matized into an approach comprising five steps which conform to those of long 
proved value in the investigation of epidemics. They are: 

1. Definition of the nature and significance of the problem. In any epi- 
demiologic investigation this comprises a definition of terms, the clarification of 
objectives, and the formulation of specific questions. In a suspected epidemic, 
defining the problem means the verification of diagnosis of reported cases and the 
careful comparison of present with usual occurrence to determine if an epidemic 
exists. 

2. Critical appratsal of existing information on the subject to separate fact 
and hypothesis and to define gaps in knowledge. This is more than the conven- 
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tional review of the literature. It is critical evaluation of existing knowledge. 
In the solution of an epidemic, this step serves to orient the epidemic as to 
time, place, and person, based on existing cases and the environmental circum- 
stances. 


3. Formulation of hypotheses based upon critical evaluation. Carefully 
stated hypotheses provide the basis for the design and details of the investigation. 
In epidemics, this is a preliminary working hypothesis for immediate action and 
to aid in further investigation. 


4. Testing of hypotheses. This comprises the design and execution of the 
investigation with careful attention to sample selection, controls, methods of 
collecting, recording, and analyzing the data. In epidemics, it is the search for 
unreported cases and the detailed investigation of each case and the attendant 
circumstances. 


5. Conclusions and practical application. This includes the evaluation of 
the outcome of the investigation in terms of the original questions and stated 
hypotheses. In completing an epidemic study this means evaluation in terms of 
present control and future prevention. 

These five steps are the application of the scientific method to problems 
pertaining to aggregations of individuals.*"* They are not unique to epidemiology 
but are applicable to clinical and laboratory problems as well. ‘“The unity of 
science is in its method”’ (Pearson). The scientific method is the same wherever 
it is applied. The differences are in the material (people, microorganisms, chemi- 
cals, etc.); the focus of the observation (single units or aggregations); and the 
locale (bedside, clinic, laboratory, field). 

It is indeed clear from current usage that the definition of epidemiology has 
been extended far beyond its original sense as the doctrine or science of epi- 
demics. It is certain that its scope is not limited to diseases in which epidemics 
are characteristic, since it is in conformity with good usage to consider the epi 
demiology of tuberculosis, for example. Furthermore, its scope is not limited 
to communicable disease because it is proper to speak of the epidemiology of 
cancer, of scurvy, of accidents. The extent of change in the meaning of epi- 
demiology is borne out in the following generally accepted definition: This is 
a field of science which is concerned with the various factors and conditions which 
determine the occurrence and distribution of health, disease, defect, disability, 
and death among aggregations of individuals; it has application also to problems 
other than those of health and disease. 
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RESEARCH IN THE RHEUMATIC DISEASES 


It is the prerogative of the elderly members of a profession to offer criticism 
of their profession’s work and methods. I am, therefore, most anxious that I 
should not be considered presumptuous in offering these comments. I would 
assure you that they are presented in no sense of carping criticism, but, rather, 
as a personal reaction to modern trends and techniques as applied to my own 


specialty. 

The last ten years has seen an enormous upsurge of enthusiasm and en- 
deavor in the field of the rheumatic diseases, and, indeed, probably more has 
been accomplished in understanding and treating these diseases in the last 
decade than ever previously in a century. 

Research programs appear to fall into four broad groups thus: 

1. Baste Research Into the So-called ‘‘Collagen’’ Diseases —As one may 
readily understand, such pure scientific work is, for the moment, largely in the 
hands of biochemists, histopathologists, and physicists since the present problem 
is to understand the economy of collagen tissue and its elements. It is difficult 
to see just when and how the results of implanting the hind leg of a rat in its 
abdominal wall are to be applied to the treatment of patients suffering from 
rheumatoid arthritis. It may be argued that all technical advances have their 
theoretic and, for the moment, apparently unrelated academic origins. In the 
case I am discussing, however, an additional difficulty arises, namely, that the 
‘collagen’ diseases may not exist but may simply represent a nonspecific re- 
action on the part of unspecialized supporting tissue and substance to a great 
variety of stimuli. 

2. Research on the Pituitary and Adrenal Axis.—The demonstration of 
the therapeutic possibilities of an adrenal cortical steroid, namely, cortisone, 
served as a starting point for an immense amount of work presently represented 
by cortisone, hydrocortisone, electrocortin, and ACTH in its many forms. It 
is, I think, true, however, that while the first application of this group of sub- 
stances by Hench and his colleagues was to the treatment of the rheumatic 
diseases, the scope of this work has now grown to such proportions that its 
original therapeutic use has become progressively less absorbing to experi- 
mentalists. A number of factors are probably responsible, e.g.: 

a. The recognition that no cure had been found. 

b. The discovery that many other diseases responded as dramatically as 
the rheumatic group, if not more so, to the first exhibition of these steroids. 

c. The realization that continued administration of the compounds was 
not without danger. 

d. The attraction of building on a new foundation speculative theories 
concerning pathogenesis and physiologic mechanics. 
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e. The disinterest in the rheumatic group of diseases exhibited by those 
not specializing in that field. 

Whatever the cause, research into the activity of adrenal steroids and their 
like seems to veer toward theoretical and experimental concepts and away from 
the path of its origin. 

3. Experimental Pharmacology.—This is the field in which I am myself 
engaged but I hold no special brief for it. It is unscientific in approach and even 
unintelligent at times. It consists of painstakingly investigating all those 
compounds and their immediate and remote relations which appear or appeared 
to affect beneficially some aspect of the rheumatic diseases. It was while work 
of this kind was being done that the value of phenylbutazone was first suspected. 
Again, however, we have an example of deviation from our original task, and I 
and many other workers to whom I| have spoken find we are devoting more and 
more time to screening compounds for edema-inhibiting and antiphogistic proper- 
ties rather than for true antirheumatic activity. Such deviation is easy to 
excuse but not so easy to explain. It may be that it is the result of an effort, 
albeit subconscious, to conform to orthodox scientific standards rather than to 
continue the unorthodox ‘‘playing of hunches’’—but I shall return to this in a 


moment. 

4. Statistical Research.—It has been said that statistical analysis is no 
substitute for intelligent evaluation; but nonetheless this constitutes one of the 
most popular forms of research at the present time. All manner of surveys 


are being conducted in every country with regard to the population incidence, 
occupational incidence, economic group incidence, climatic incidence, family 
incidence, sex incidence, age incidence, and a host of other incidences of rheu- 
matic disease. These investigations may provide useful and even valuable 
information in their own limited way, but it is important to realize the great 
limitations in applying mathematical tests to biologic material. This is neither 
the time nor the place to develop this precise argument, but let me say this: 
All such analyses depend for their validity on the accuracy of the basic facts 
provided, and this is nowhere more monumentally difficult than when dealing 
with Homo sapiens. 

The practice of medicine is still as much an art as a science, yet such de- 
votion is shown to the scientific component that simple clinical observations are 
no longer acceptable unless they are cloaked in terms of pseudoscientific ac- 
curacy. Every week one reads papers in medical journals where writers quite 
seriously refer to ten out of twenty as 50 per cent. One sees small series of 
cases recorded and ‘‘statistically’’ analyzed where the standard deviation or 
differential is so great as to make the whole analysis worthless. The authors of 
these papers are not alone responsible, for many editors and editorial boards 
now insist on such analyses of results being included. Not long ago I sent a 
short paper to a reputable British journal. It was concerned with the results 
of some experimental pharmacologic work in some forty patients. I had a 
letter from the editor accepting the paper for publication but asking me to let 
him have a short statistical analysis for the end of the communication. This 
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he averred was insisted on by his ‘‘advisors.’’ I pointed out that if his ‘‘advisors”’ 
would indicate to me how these results could be mathematically analyzed I 
should be eternally grateful to them. The paper was published without further 
comment. 

We see this regrettable tendency throughout medicine at the present time. 
There is undoubtedly a vogue for expressing clinical opinions in terms of mathe- 
matical symbols which cloak the observations with an apparent degree of ac- 
curacy they do not contain. 

Again, too, there is a tendency to regard the result produced by the labo- 
ratory technician as having greater accuracy than experienced clinical judgment. 
Most diagnostic tests depend on one reaction in health and a diametrically 
opposite one in some pathologic state. Is there any reason to expect that when 
we are clinically doubtful, the results of a test based on these concepts will be 
any less doubtful? 

In conclusion, it seems to me just as likely that progress in the understanding 
and treatment of rheumatic disease will come from someone standing well back 
and surveying the whole problem as from someone peering through a powerful 
microscope at one small section of it. By all means let us research into colloid 
chemistry and peripheral antiphogistic corticoid conditioners; let us analyze 
our results and use our laboratories; but let us also remember the importance of 
looking at our patients and their diseases. Let us use all the scientific and 
mathematical methods available, but let us first be sure that our material is 
analyzable and calculable. 


He who would appreciate a beautiful lawn will do so better by walking 
slowly over it than by studying a few sample blades of grass under a microscope. 


Joun P. Currie, M.B., Cu.B., M.D. 
Rheumatism Unit, Royal Infirmary 
Glasgow, Scotland 


THE PROBLEM OF CHRONICALLY ILL AND CUSTODIAL 
PATIENTS IN PUBLIC INSTITUTIONS 


THE CLINICIAN’S VIEWPOINT 


The gradual accumulation of patients in the public hospitals who are in 
no immediate need of active medical care is severely affecting the effectiveness 
of many vitally important institutions and their ability to fulfill their primary 
missions. These people are often referred to as ‘‘custodial patients,’’ a term 
which is not only a misnomer but, more than that, grossly misleading. ‘‘Cus- 
todial’’ would indicate that such hospital residents need nothing but domiciliary 
care, whereas the word ‘‘patient”’ still identifies them as those whose primary 
needs are medical services. The fact is that these are people who have little 
need for the medical services of a hospital. They could be best placed in homelike 
living arrangements which would fulfill their essential wants. No hospital is 
or should be designed to satisfy such nonmedical requirements. 

A recent study! conducted by a New York University-Bellevue Medical 
Center research group, while done on a small sample, has convincingly brought 
out some of the main factors of this anomalous situation. This study, financed 


by the New York Foundation, found that an unselected group of ninety-five 
persons designated as ‘‘custodials’’ had spent more than a quarter of a million 
practically uninterrupted days in municipal hospitals. Even more startling 
was the conclusion that after a careful medical evaluation, only five of them 
were found to be medically in need of continued hospital care. In two others, 
the need for hospitalization was questionable. It was also found that a number 
would have had a better than fair chance to leave the hospital after intensive 


rehabilitation. 
This study brings up the important question whether a hospital, which is 


primarily an institution of healing, teaching, and research, should weaken its 
efficiency by taking care of people whose needs are other than medical. 

An accumulation of nonmedical problems adversely affects the hospital by: 
(1) Gradually changing its character to a domiciliary institution; (2) causing 
professional personnel to lose interest and ambition; (3) seriously impairing 
teaching and research programs; (4) uneconomically utilizing such essential 
services as operating rooms and laboratories; (5) overtaxing the professional 
staff with nonessential duties. 

The best interest of these ‘‘custodial patients’ is not served by keeping 
them in a hospital. They are compelled to live in a hospital atmosphere in 
which they do not belong. Not being actively ill, they require and receive 
little or no medical attention. They spend many years of their lives in an 
environment of pain, hopelessness, and death. A poor substitute for a home, 


indeed! 
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It is easy to see that we are confronted with a complicated situation which 
affects both the hospitals and the needlessly hospitalized individuals. These 
problems, together with the constantly mounting cost of hospital services, 
compel us to take decisive steps toward radical improvements. 

One of the first steps we must take toward such improvement is the clarifi- 
cation of the terms ‘‘chronically ill’? and ‘‘custodial.’’ Without engaging in 
purely academic discussion or semantics, we can say that the “‘chronically ill’’ 
patient is one whose treatment may take a long period of time, who is in need 
of continuous active medical care and/or rehabilitation, and who has a good 
chance to improve or recover. From this, it follows logically that a chronic 
disease hospital is, or should be, a full-fledged general hospital or hospital section, 
which differs from the general hospital for acute illness only in the type of pa- 
tients for whom it cares and the length of their hospitalization. 

A “‘custodial’’ person is one whose needs are primarily in the areas of nursing 
care, infrequent medical supervision, or often only domiciliary care. Depending 
upon their individual requirements, such people should be placed in various 
institutions other than hospitals. Those who are in need of constant nursing 
care and only infrequent medical supervision may best be kept in separate build- 
ings or wings connected with or adjoining general hospitals, since their conditions 
are such that immediate medical care may be at any time demanded. Place- 
ment of such people in adequately equipped private and voluntary nursing and 
old age homes is also a satisfactory solution. In 1954 the National Conference 
on the Long-Term Patient recommended a flexible arrangement with periodic 
re-evaluation of long-term patients to facilitate their placement in the most 
suitable environment, and their return to the community if improvement reaches 
a satisfactory level. This would not only allow these people to live in a more 
appropriate nonhospital facility, but would also give them the assurance of 
immediate medical assistance in case of emergency. 

Another important step toward improvement would be revision of our 
present concept of hospital building programs, keeping in mind the gradual 
increase of aged and chronically ill persons. In building and organizing new 
institutions, the ever-increasing role of medical rehabilitation can no longer be 
disregarded. A wider use of rehabilitation, the restorative aspect of chronic 
medicine, would materially reduce the number of disabled people who now 
constitute a sizable proportion of the ‘“‘custodials’’ in the public hospitals. 

A major task in correcting this situation is to overcome the almost total 
disinterest of the medical profession in chronic diseases—a situation identified by 
Ginzberg? as ‘“‘traditional negativism of most physicians in dealing with patients 
with long-term illness.’’ In addition to the physiologic, pathologic, and clinical 
aspects of chronic diseases, the medical and allied professions will have to learn 
problems of the chronically ill patient, his place in society, and conversely the 
society's attitude toward him. Problems which are seemingly insignificant in 
the domain of acute illnesses, gain an ever-growing importance when the disease 
becomes chronic. The chronically ill patient is not merely a malfunctioning 
mechanism, but a human being who, in addition to his actual physical illness, 
suffers from a number of troubles often not immediately recognizable, and often 
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not even strictly medical. Without some solution of such issues, even the most 
skillful medical management will not result in complete restoration of the patient. 

Indeed, this is how many patients become custodial: they go to the hospital 
for some acute or chronic disease and their physical health is improved or re- 
stored; but, their emotional and social problems unsolved, they remain in the 
hospital.’ 

These are only a few facets of this complex situation. The solution of one 
or some of them will not of necessity correct the issue of overhospitalization, 
which is the result of long years of procrastination. The attack will have to come 
simultaneously from several directions. Clinical, institutional, educational, and 
fundamental research must be intensified and, even more important, coordinated. 

The curricula of medical, nursing, and other professional schools concerned 
with the care and management of the chronically ill patient must be thoroughly 
rearranged. The best research program, no matter how extensive and funda- 
mental, will not provide the knowledge that the young physician needs when he 
faces the actual demands of everyday practice. Many medical schools have 
already recognized some of the obvious weaknesses in their curricula and have 
introduced appropriate changes. The problem, however, is too deep and old to 
be solved by minor changes in teaching schedules. It is a question of reori- 
entation of the entire philosophy of medical education in the direction of a more 
comprehensive approach to everyday clinical questions.‘ All patients, but par- 
ticularly the chronically ill, have clinical troubles which may be complicated 
and are often modified by emotional, social, economic, and other factors. These 
nonmedical complications can reach the point where the best conventional medical 
efforts will fail unless other personal factors are considered. The young graduate 
of our medical schools is insufficiently equipped to meet such complex issues. 
Unfamiliar with the depth and extent of the personal difficulties of his chronically 
ill patient, his best efforts are doomed to fail. The most common reaction to 
such repeated failures is a complete loss of interest in chronic illness. Little does 
the young doctor know that neither the apparent hopelessness of the disease 
nor a lack of his talent were responsible for failure. The responsibility rests on 
the shoulders of those who failed to alert him to the management of his patient 
as an integrated whole, and to equip him with the skills to accomplish this, or 
the patience to use them. 

This discussion may not seem at first to have much bearing on our immediate 
problem—that is, the undue accumulation of “‘custodials’’ in public hospitals. 
It does not, however, require too elaborate thought to realize that the improperly 
managed chronically ill patient will often become “custodial.”” An informed 
practicing clinician, regardless of his specialty, can detect problems in his patient 
that would sooner or later lead to complications. An early elimination of often 
seemingly minor difficulties could prevent many people from undergoing the 
indignity of later custodial care. 

The proper care of the chronically ill and even more so, that of the ‘“‘custodial,”’ 
is closely related to the general economic picture. It is in the field of the chronic 
diseases where the early impacts of an economic recession can be felt. This is 
partly due to the fact that most of these diseases require more prolonged medical 
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and hospital care than a family with reduced income can afford. The adverse 
situation created by a chronic disease is further aggravated if it results in tempo- 
rary or permanent disability. Low- or even middle-income families can rarely 
assume responsibility for the care of handicapped old people. Though such 
people may not need hospital care, they are left in institutions purely as a matter 
of exigency in the absence of other places to go. This is a good example of how 
illness aggravated by social and economic difficulties may lead to unnecessary 
and unjustifiably prolonged hospitalization. A well-oriented medical profession 
and a reorganized hospital and custodial program could do a great deal to elimi- 
nate the costly and unhappy presence of ‘‘custodials’’ from the public hospitals. 
Such corrective measures should be introduced while the general economic picture 
is favorable. In times of economic recessions only temporary and improvised 
measures can be instituted. Important as is the issue of the misplaced ‘‘custo- 
dial,’’ it can and should be considered only as one significant aspect of the complex 
management of the chronically ill. It can be remedied by intelligent and mutual 
collaboration between all professional personnel concerned and the citizens of 
the community. A piecemeal solution of certain medical, emotional, public 
health, and social problems may result in temporary relief, but the increasing 
number of aged and many other factors will inevitably lead to further increase 
in the number of chronically ill and ‘‘custodials.”’ 

The evaluation of the medical necessities of the chronically ill and their 
separation from purely custodial care in a public institution involves interdisci- 
plinary cooperation, medical, social, vocational, and administrative. The out- 
lined approach here has been made from the clinician’s point of view. Other 
disciplines approaching these issues from different tangents would surely have 
not only pertinent questions but definite ideas for solution. It is hoped that 
this statement of concept and philosophy will lead to further provocative dis- 


cussions. 
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Book Reviews 


MORBIDITY IN THE MUNICIPAL HOSPITALS OF THE CITY OF NEW YORK. By 
Marta Fraenkel, M.D., and Carl L. Erhardt. Pp. 229; indexed. New York, 1955, Russell 
Sage Foundation. Price $4.50. 

Illness in hospitals is an important component of all illness, especially when mental illness 
is included. Data on illness are undoubted!y recorded better and more systematically for hospi- 
talized patients than for persons ill elsewhere, at least with respect to diagnosis. Little use of 
these data has been made except for clinical research. 

This book is a report on an exploratory study of the 122,000 patients discharged from 31 
of the 35 municipal hospitals in New York City during the six months ending October, 1952. 
rhe purpose of the study was to supply data needed in community planning for medical services. 
Che municipal hospitals included are 14 general, 7 tuberculosis, 3 cancer, 2 psychiatric, 1 general 
Three voluntary hospitals also partici- 


chronic disease, and 4 communicable disease hospitals. 
The study was viewed by the agencies 


pated, although their data are not included in the report. 
conducting it—the city departments of hospitals and of health—as an exploration of methodology 
and feasibility of a continuing hospital morbidity reporting system for all hospitals in the com- 
munity, a system which is presently being put into effect. 

rhe data presented on discharged patients include diagnosis, age, sex, race, length of stay, 
and condition on discharge. More detailed analyses are made of patients with obstetric, trau- 
matic, and psychiatric conditions, tuberculosis, cancer, and “circulatory and other chronic dis- 
eases,” and of child patients and aged patients. 

Phe data show widely divergent lengths of stay for patients with nearly afl diagnoses. Many 
patients with typically chronic diseases stayed for short periods, even excluding those dead at 
discharge. The fact that some patients were discharged with a diagnosis, e.g., of ‘delivery with- 
out complication” after a stay of 60 days may be due to a single ‘‘main diagnosis’’ having been 
The main diagnosis is delined as ‘‘the final diagnostic statement of the condition for 


selected. 
Other conditions, however, may have affected 


which the patient was admitted to the hospital.”’ 
length of stay. 

As the report clearly indicates, a hospital morbidity reporting system would be most useful 
for community planning for health services if it covers voluntary as well as governmental hospi- 
tals. The patients of municipal hospitals in New York City include disproportionate numbers 
of indigent and medically indigent, nonwhites, chronically ill, and aged persons. 


Dean W. Roberts 


PRACTICAL MEDICAL MYCOLOGY. By Edmund L. Keeney, M.D. Pp. 145; indexed. 
Springfield, I!l., 1955, Charles C Thomas, Fublisher. Price $4.50. 


This very compact monograph on medical mycology is beamed directly to the practicing 
physician. The content is carefully selected to cover broadly the relative importance cf the 
individual mycoses, the description of the responsible fungi, their epidemiology, clinical features, 
diagnostic measures, and, very strongly emphasized, treatment. Each of the mycoses is covered 
briefly in from three to ten pages (dermatophytosis appropriately tops with sixteen pages). Thir- 
teen of the most important mycoses, plus the allergic fungus spores and fungi poisonous by in- 
gestion, are presented. The text is readable, stripped down to easily-coped-with mycologic 
terms. Preceding all but a few of the sections of the minor mycoses are excellent diagrammatic 
illustrations of the essentials covered in the text. The references will enable an interested phy- 
sician to probe more deeply in any area he may wish. 

Keeney has a “‘feel’’ for phases all of us wish emphasized, such as the fact that mere re- 
covery of Candida albicans is not adequate evidence for a diagnosis of moniliasis. Rarely, indeed, 


should the diagnosis of “spergillosis be made. 
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No doubt most of those especially interested in a specific mycosis will have one or two points 
they would raise. This derives mainly from the compelling need for brevity, although admittedly 
the chart for the geographic distribution of coccidioidomycosis goes too far north. As one with 
understandable bias in coccidioidomycosis, I would indicate a place or two where amplification 
would have made this section even more outstanding. The statement that highest rate of dis- 
semination is in pregnant women is theoretical and not proved. One would wish for a paragraph 
on coccidioidal pulmonary cavities, for, in the condensation, cavities are linked with the pro- 
gressive infection, which association is exceedingly rare. As one of those clinging to the ‘“‘old 
dogma”’ of noncontagion, I wonder what better basis there could be for this belief than ‘‘the fact 
that there is no man to man transmission of the disease.’ But truly, the discussion of coccidio- 
idomycosis is admirable, reflecting Keeney’s extensive personal experience in the laboratory 
and in practice. 

This combination of experience in research and on the firing line of practice accounts for 
Keeney’s notable success in his monograph. It is what the busy practitioner, resident, or medical 
student needs for a good overview which he can read in a few hours and then go back to for quick 
reference. He may then wish to follow up in a heavier round with a more detailed text or with 


references, but this is his everyday friendly guide. 
Charles E. Smith 


REHABILITATION MONOGRAPH I: AN EVALUATION OF REHABILITATION—A 
STUDY OF 476 CASES, WITH A DETAILED FOLLOW-UP STUDY OF 208 CASES 
DISCHARGED IN 1949 FROM THE PHYSICAL MEDICINE AND REHABILITA- 
TION SERVICES OF THE NEW YORK UNIVERSITY-BELLEVUE MEDICAL 
CENTER. By Georgia F. McCoy, M.S., and Howard A. Rusk, M.D. Pp. 87. New York, 
1953, The Institute of Physical Medicine and Rehabilitation, New York University-Bellevue 
Medical Center. Price $1.00. 

REHABILITATION MONOGRAPH II: PSYCHIATRIC ASPECTS OF REHABILI- 
TATION. By Morris Grayson, M.D., in collaboration with Anne Powers, M.S., and 
Joseph Levi, PH.D. Pp. 86. New York, 1952, The Institute of Physical Medicine and 
Rehabilitation, New York University-Bellevue Medical Center. Price $1.00. 


REHABILITATION MONOGRAPH III: A BLADDER AND BOWEL TRAINING PRO- 
GRAM FOR PATIENTS WITH SPINAL CORD DISEASE. By Edith Buchwald, M.A., 
A.R.P.T., Margaret McCormack, R.N., and Emilie Raby, R.N. Pp. 35. New York, 
1952, The Institute of Physical Medicine and Rehabilitation, New York University-Bellevue 
Medical Center. Price $1.00. 

REHABILITATION MONOGRAPH IV: MANUAL OF PROCEDURES OF THE CHIL- 
DREN’S DIVISION INCLUDING OBJECTIVES, PHILOSOPHY, POLICIES AND 
STAFF FUNCTIONS OF THE CHILDREN’S DIVISION OF THE INSTITUTE OF 
PHYSICAL MEDICINE AND REHABILITATION, NEW YORK UNIVERSITY- 
BELLEVUE MEDICAL CENTER. By George G. Deaver, M.D., and Staff, in collabo- 
ration with the Association for the Aid of Crippled Children, New York City. Pp. 43. New 
York, 1952, The Institute of Physical Medicine and Rehabilitation, New York University- 
Bellevue Medical Center. Price $1.00. 

REHABILITATION MONOGRAPH V: BRACES — CRUTCHES — WHEELCHAIRS: 
MODE OF MANAGEMENT. By George G. Deaver, M.D., and Anthony L. Brittis, M.D. 
Pp. 60. New York, 1953, The Institute of Physical Medicine and Rehabilitation, New 
York University-Bellevue Medical Center. Price $1.00. 

REHABILITATION MONOGRAPH VI: SELF-HELP DEVICES FOR THE ARTHRITIC. 
By Edward W. Lowman, M.D. Pp. 123. New York, 1954, The Institute of Physical 
Medicine and Rehabilitation, New York University-Bellevue Medical Center. Price $1.00. 


REHABILITATION MONOGRAPH VII: SURVEY OF NINETY-FIVE CUSTODIAL 
PATIENTS IN A MUNICIPAL HOSPITAL. By Michael M. Dacso, M.D., Joseph 
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Novey, M.S.W., and Edith L. Kristeller, M.D. Pp. 52. New York, 1954, The Institute 
of Physical Medicine and Rehabilitation, New York University-Bellevue Medical Center. 


Price $1.00. 

REHABILITATION MONOGRAPH VIII: A MANUAL FOR TRAINING DISABLED 
HOMEMAKERS. By Howard A. Rusk, M.D., Edith L. Kristeller, M.D., Julia S. Judson, 
M.S., Gladys M. Hunt, R.N., and Muriel Zimmerman, O.T.R. New York, 1955, Pp. 167. 
The Institute of Physical Medicine and Rehabilitation, New York University-Bellevue 
Medical Center. Price $1.00. 

REHABILITATION MONOGRAPH IX: CEREBRAL PALSY, METHODS OF EVALU- 
ATION AND TREATMENT. By George G. Deaver, M.D. Pp. 57. New York, 1955, 
The Institute of Physical Medicine and Rehabilitation, New York University-Bellevue 
Medical Center. Price $1.00. 


A HOME PROGRAM FOR WHEEL CHAIR PATIENTS. By Edward E. Gordon, M.D. 
Pp. 19. The National Multiple Sclerosis Society, 270 Park Ave., New York, N. Y., 1952. 


A HOME PROGRAM FOR THE CARE OF BED PATIENTS. By Edward E. Gordon, M.D. 
Pp. 14. The National Multiple Sclerosis Society, 270 Park Ave., New York, N. Y., 1952. 


MULTIPLE SCLEROSIS. APPLICATION OF REHABILITATION TECHNIQUES. By 
Edward E. Gordon, M.D. Pp. 54. The National Multiple Sclerosis Society, 270 Park Ave., 
New York, N. Y., 1951. 


A HOME PROGRAM FOR PATIENTS AMBULATORY WITH AIDS. By Edward E. 
Gordon, M.D. Pp. 19. The National Multiple Sclerosis Society, 270 Park Ave., New York, 
Ns: Yepaeee. 


A HOME PROGRAM FOR INDEPENDENTLY AMBULATORY PATIENTS. By Edward 
E. Gordon, M.D. Pp. 16. The National Multiple Sclerosis Society,270 Park Ave., New 
York, N. Y., 1952. 


Until recently a major energy expenditure of protagonists of rehabilitation was devoted 
toward efforts to assemble evidence for the worth-whileness of their services and for the argument 
that despite the considerable expense of rehabilitation, it was possible to suggest that tax-paying 
re-employed rehabilitated patients more than repaid for the services. The cogency of these 
arguments depended on the bias of the beholder. In fact, it is difficult to appraise rehabilitation. 
Patients with severe limitations are apt to be grateful for ordinarily trivial improvement and men 
of good will will agree that gains in morale for patients and their families and acquisitions in 
human dignity are beyond dollars and cents. 


The series of monographs from The Institute of Physical Medicine and Rehabilitation and 
from the National Multiple Sclerosis Society are largely free from the defects of overenthusiasm 
which were a normal part of early efforts to overcome skepticism toward modern rehabilitation. 
Contents of each monograph are well indicated by the titles and the whole series may serve as 
an introduction to the field and as practical guides to the management of particular problems. 


It remains true that the least satisfactory efforts lie in evaluation of rehabilitation. While 
some gains are easily assessed, for example, ambulation of a previously bed-ridden patient, other 
gains are subtler and their importance to the patients needs to be judged on the patient’s own 
requirements rather than on an absolute scale. Buttoning a shirt may represent a major victory 
for one patient but an inconsequential one for another. Even if one accepts as a fact that the 
patient has gained a skill, it is difficult to assess the rehabilitation program. In the main, evalu- 
ation of rehabilitation has compared the results with the program to the results with no program. 
This is hardly fair since scarcely anyone since Plato has urged neglect of the patient no matter 
what may have been practiced. A program of any sort which offers hope must also stimulate 
the patient in ways which neglect is not apt to do. This fact produces a dilemma in design of a 
testing program. To whatisa rehabilitation program to becompared? One does not deliberately 
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run a paired series of observations in which a full-scale rehabilitation program is matched with 
another one in which the wrong skills are taught. The question remains: granted that the 
full-scale rehabilitation program is worth while, how far can it be scaled down so that it may 
serve large numbers of people and still be effective? 

Other monographs in The Institute series emphasize the care and patience required for 
specific problems and provide a step-by-step guide to training. The devices used are frequently 
ingenious and a tribute to the combined efforts of the rehabilitation team and the patients. In 
many cases they will serve to suggest other devices that can be rigged up to meet individual needs. 

The National Multiple Sclerosis Society has similarly performed a great service. Although 
Dr. Gordon, who has written the full series of five monographs, aimed particularly at the care 
of patients with multiple sclerosis, the material is more generally applicable. These are im- 
mensely practical guides full of common sense and specific descriptions of techniques which may 
be useful wherever there are problems of spasticity, weakness, contractures, or incoordination. 


Kenneth L. Zierler 


SUMMARY OF SURVEY OF PHILANTHROPIC FounpDATIONS. Excerpted from AMERICAN FOUNDATIONS 
AND THEIR FIELDs. By Wilmer Shields Rich. Ed. 7 Pp. 32. American Foundations 
Information Service. New York, N. Y., 1955. Sponsored by Raymond Rich Associates and 
Marts and Lundy, Inc. 


Descriptions of 269 philanthropic foundations interested in health and medicine are included 
in the seventh edition of ‘‘American Foundations and Their Field,’’ published this month by 
American Foundations Information Service, New York. Also indexed are descriptions of 159 
foundations specifically interested in the physically handicapped, 378 in hospitals, 63 in medical 
care, 85 in medical education, 170 in medical research, 69 in mental health, and 60 in nursing. 

In all, 4,162 foundations are described in the 784-page volume prepared by Mrs. Wilmer 
Shields Rich, director of the service. Most of these foundations are potential supporters of this 
specific field in view of their broad legal purposes. Indexing of fields of interest is predicated 
on specific mention of a field in a foundation’s purpose, a foundation report of current interest 
in that field, or a record of a grant of $1,000 or more to an organization classifiable in that field. 

The new edition results from the most comprehensive nationwide survey and analysis of 
foundations ever undertaken. Descriptions are based on data furnished by foundations them- 
selves as well as on public records. In collecting information throughout the country, 25,000 
photographs were made of portions of latest available tax returns and various legal documents. 

Findings of the survey reveal that foundations in this country hold assets of more than 
$4,700,000,000 and make annual grants totalling more than $308,000,000. The foundations 
described are those which meet the generally accepted definition: a non-profit legal entity estab- 
lished to serve the welfare of mankind, having a principal fund of its own or receiving the char- 
itable contributions of a living founder or founders, and governed by its own trustees or directors. 

There are probably 7,300 foundations of this character in the country today, the author 
estimates. Even the Federal Government, however, does not know the exact number of founda- 
tions now in existence, their location, resources, legal structure or nature of activities. This is 
true because trustees are not required to file a return with the Internal Revenue Service until 
after a foundation has been in operation for 12 months. 

Other principal findings are: 

1. The bulk of resources is in the hands of relatively few foundations. 

A total of $4,200,000,000 or 93 per cent of all foundation assets, is held by fewer 
than 20 per cent of the foundations studied. The other 80 per cent have total assets of 
$298,798,000, less than the assets of either the Ford Foundation or The Rockefeller 
Foundation. <A total of more than $1,500,000,000 is held by the seven largest founda- 
tions: The Ford Foundation, $493,213,842; The Rockefeller Foundation, $447,686,573; 
Carnegie Corporation of New York, $178,861,599; W. K. Kellogg Foundation, $109,- 
812,214; The Duke Endowment, $109,552,000; The Commonwealth Fund, $105,993,035, 
and The Pew Memorial Foundation, $104,987,129. 

Resources are concentrated in the wealthiest areas of the country. 
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Approximately 30 per cent of the foundations in the entire United States are situated 
in New York State, and 91 per cent of these are in New York City. Of the total reported 
assets, New York State has $2,500,000,000 or 55 per cent, with 98 per cent of this 
amount in New York City. 

There is a definite relationship between size and pattern of operation. 

Larger foundations—those with assets amounting to $1,000,000 or more or whose 
annual grants exceed $50,000—tend to concentrate in some chosen area, either advancing 
selected fields of work by supporting research, demonstrations and experiments, or 
utilizing funds to strengthen selected institutions, communities or regions. Small foun- 
dations give more like individuals, supporting causes with which they are familiar or 
which make effective appeals to them. 

4. More than half of the foundations covered in the survey were established during the 
past fifteen years. 

Only ten of these foundations were created prior to 1900, and only 270 existed in 
1930. These were established in the main by millionaire philanthropists. The develop- 
ment of smaller foundations to serve as receptacles for tax savings began in the 1930's 
and reached an unexpected height in the 1940's. Of the foundations established between 
1900 and 1929, only 44 per cent were in the ‘“‘small’”’ category, while 85 per cent of the 
foundations established in the 1940's were in this category. Since 1950, foundations 
have been set up at a rate of about 200 a year, with 82 per cent of them in the ‘‘small” 
category. 

Both large and small foundations play impcrtant roles in philanthropy today. 

‘Although the grants of the small foundations may be dwarfed in size by the dra- 
matic gifts of the largest foundations, they fill an indispensable niche in the budgets of 
charitable, educational, religious and scientific institutions,’’ Mrs. Rich comments. 
“Their annual gifts to operating budgets often make it possible to put into practice the 
results of the research and experimentation financed by the largest foundations. Simi- 
larly, their undesignated gifts often make it possible to maintain the expanded facilities 
provided through larger gifts.”’ 

6. While social welfare is the prevailing concern of most foundations, support of institutions 
of higher education, including fellowships and scholarships, probably claims the largest amount 
of foundation gifts. 

Foundations of all sizes show ‘‘a consuming interest in finding able individuals 
and helping them to develop their talents to the full, to the end of equipping them for 
leadership of society,” the study concludes. 


American Foundations Information Service, established in 1952 as the national center for 
foundation information, grew out of the foundation work conducted since 1939 by Raymond 
Rich Associates. Publication of the new edition of ‘‘American Foundations and Their Fields”’ 
was sponsored jointly by Raymond Rich Associates and Marts and Lundy, Inc., New York firms 
specializing in counsel to philanthropic organizations. 

The first of this series of surveys was made in 1931 by the Twentieth Century Fund as a 
guide to its own planning. It showed economics to be the field least cultivated at that time, and 
largely influenced the Fund to concentrate its interest there. 

The Fund published three editions of “‘American Foundations and Their Fields’ between 
1931 and 1935. Raymond Rich Associates then received the Fund's files and published editions 
in 1939, 1942 and 1948. The 1939 edition covered 243 foundations as contrasted to 4,162 de- 
scribed in the seventh edition. 

In the foreword to the new edition, Evans Clark, trustee and former executive director of 
the Twentieth Century Fund, describes these volumes as ‘invaluable not only to those who 
give but also to those who seek to receive.” 

“Prior to their publication, there was no single source to which applicants for philanthropic 
aid could go for information as to the agencies most likely to be interested—judged by their 


past disbursements, their stated purposes, and their reported current fields of interest,’’ he says, 
adding that the existence of this information also serves foundations by decreasing the number 
of applications for assistance entirely outside their chosen fields. 


